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ABSTRACT 
Snow sampling in the main recharge mountains of Eagle 
Valley indicates non-equilibrium fractionation of stable 
isotopes· from: 6 D/ H = 6. 0 (6 18o; 16o)-14. There is signifi-
cant correlation of isotopic depletion with elevation indi-
cated by: 6D/H = -9.9%../1000 ft and 61 8 / 16 = -1.48%:/1000 ft. 
Electrical conductivity and chloride enrichment from snow to 
lysimeter water produces 4000 acre-ft / year of potentia l 
recharge from the Carson Range. Mo n i to r i n g o f 1 y s i m e t e r s . 
throughout the winter shows that ground is not frozen under 
snow. Contour maps of sulfate, chloride, sodium, carbon-13, 
and deuterium concentrations in the v alley aquifer suggest 
thermal / non-thermal water mixing. Ag u i f e r stab 1 e isotope 
values an ci recharge area values indicate recharge to the 
aquifer via stream c hannel infiltration and deep perc o la-
tion. Tritium and carbon-14 dating of non-thermal water in 
the aquifer shows recharge from the Carson Range and near 
the Carson River, and the ol dest non-thermal water in ': he 
basin center. Carson Hot Springs is about 12,500 years old 
and is isotopi c ally depleted, whereas Prison Hot Springs 
contains recent water and is not depleted. 
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Eag 1 e Va 11 ey is located along the western border of 
Nevada at the foot of the Sierra Nevadas. This basin (see 
Figure 
passes 
1.1), which covers 
.Nevada's capital, 




and the surrounding 
communities of New Empire and Stewart. The population of 
Carson City has increased from 15,000 in 1965 to 37,000 in 
1980, which has lead to increased water use. In early years, 
water demand was small compared to the amount available. As 
the population of Eagle Valley grew, the demand for water 
had increased to the point where groundwater pumping became 
necessary. Previous investigators studying the available 
water resources in Eagle Valley (Worts and Malmberg, 1966) 
concluded that surface and groundwater resources would be 
fully developed by 1980. It is, therefore, necessary to 
have updated information on the groundwater system in Eagle 
Valley. The purpose of this investigation is to study the 
water chemistry changes of both recharge and discharge areas 
of the Eagle Valley groundwater system by use of major ion 
chemistry, hydrogen and oxygen isotope chemistry, tritium 
and carbon isotope chemistry. 
Recent work devoted to development of the groundwater 
system was done by the U. s. Geological Survey (Arteaga and 
Durbin, 1978), where again, the statement was made that the 
demand for water is approaching the limits of the resour c es. 
_, -------
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Figure 1. l Eagle Valley Basin Locat i on 
3 
Further study of the geothermal part of the groundwater sys-
tem (Trexler, Koenig, Flynn, and Bruce, 1980) yielded infor-
mation on the origin of the geothermal flu! s. However, 
there are no recent studies of the water chemistry of the 
entire flow cycle in Eagle Valley, as is done in this study. 
The_ present study is devoted to describing and quanti-
fying the changes in water chemistry in the hydrologic cycle 
from precipitation, to infiltration, runoff, and finally 
groundwater flow. Previous investigators have concluded 
that most recharge is from the Carson Range, in the western 
part of Eagle Valley. Therefore, a flow path from Snow Val-
ley Peak in the west to the Carson River in the east was 
studied in detail, and is augmented by a more general study 
of chemistry changes in the entire basin. 
Stable isotope chemistry and chloride ion changes were 
used in the recharge portion of the basin to: 1) calculate 
the v o 1 um e o f wa t e r av a i 1 a b 1 e fo r r e c ha r g e f r o m d i f f e r e n t 
elevations after evaporation; 2) calculate the average 
recharge elevation; and 3) estimate an average isotopic com-
position of water that is potential recharge to the ground-
water system. Stable isotope content of wells in the valley 
alluvium are compared to the calculated potential input to 
the aquifer in order to delineate recharge flow paths. 
Major ion chemistry 
isotope chemistry of 
is used in conjunction with stable 
water in the valley to trace 
'------- --- -
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groundwater flow. In other studies, (Freeze and Cherry, 
1979) major ions have successfully been use d to indicate 
groundwater flow direction and relative velocity. 
Estimation of the groundwater age was made by tritium 
and carbon isotope dating. Tritium, a radioactive isotope 
of hydrogen, is produced in the atmosphere by cosmic ray 
bombardment and from atmospheric thermonuclear testing. 
Tritium becomes part of the groundwater system when re~oved 
from surface water, and decays at a constant rate. Vari a-
tions in tritium levels in a groundwater system can be used 
to estimate the age of water to a maximum of about 50 years. 
Carbon isotopes are also produced in the atmosphere by 
cosmic ray bombardment. Radiocarbon age dating works on the 
principle of measuring the activity of dissolved carbonate 
in groundwater and comparing it to modern activity. Unfor-
tunately, carbonate in water comes from two different 
sources: initially from dissolved co 2 in the soil zo.ne in 
recharge areas and from dissolving carbonate along the 
groundwater flow path. Soil zone co 2 can be measured and a 
stable isotope of carbon ( C-13) can be used to correct for 




2.1 GEOGRAPHICAL SETTING 
Eagle Valley is located along the western border of 
Nevada at the eastern foot of the Sierra Nevada. The basin, 
as described in this report (Plate 1), is defined as the 
area in which surface water cirains into the Carson River 
from Tl4N, R20E, Se c 9, to TlSN, R21E, Sec 5. This 
corresponds to a 117 square mile area with surface runoff 
from the Carson Range of the Sierras to the west, the Vir-
ginia Range in the north, and the Pine Nut Range to the 
east. A low alluvial divide separates Eagle Valley from 
Carson Valley to the south. This area also defines the 
boundary for potential flow into the Eagle Valley groundwa-
ter system, similar to the area defined by Mifflin (1968), 
a 1 tho ug h fl o w i n t o th e b a s i n d o e s no t ex tend as fa r ea s t a s 
Bismark Peak as Mifflin describes. 
The valley floor of Eagle Valley i s at 4600 to 4800 
feet in elevation with mounta ins rising to 9200 feet in the 
Carson Range, 7000 feet in the Virginia Range and 6700 feet 
in the Pine Nut Mountains. The Carson River flows northward 
through the valley, along the eastern margin of the allu-
vium. The major population centers in Eagle Valley are the 
state capital, Carson City, Stewart, and New Empire. 
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2.2 METEOROLOGY 
2.2.1 Regional Weather Systems 
Most of the storms that produce measurable precipita-
tion in Eagle Valley come from the west, since the prevail-
ing wind direction in northern California is west to east. 
There is a wide variation of source areas and characteris-
tics of storms. The types of storms that affect northern 
Nevada and the Sierra Nevada can be classified into five 
categories based on meteorological synoptic pattern and 
latitude of origin (Smith, Friedman, Klieforth, and Hardcas-
tle, 1979). These are: 
(1) High (north) latitude front and upper trough (mar-
itime polar air); 
(2) Mid-latitude front and upper trough (maritime polar 
air with some maritime tropical air); 
(3) Low (equator) latitude front with deep upper 
t r o ug h ( ma ri t i m e t r o p i c a 1 a i r ) ; 
(4) Confluent air masses brought together over a 
reg i on a 1 o n g a f r o n t a 1 s u r fa c e ( w i th t r o pi c a 1 a i r 
contributing most of the moisture); and 
(5) Cold cyclone (mostly continental polar or modified 
maritime polar air, little or no frontal activity) 
MicH.atitude front, confluent air masses, and cold 
cyclones are the most common types of storms in the Sierra 
Nevada. Confluent air mass storms produce substantially 
more precipitation than mic:H.atitude and cold cyclone type 
storms. However, cold cyclone and midlatitude fronts 
7 
produce l ower snow 1 ines than confluent air mass storms, 
since they are colder storms. The coldest st -:>rro s pass over 
the Sierra Nevada Mountains between the winter solstice -'Ind 
the vernal equinox, the time of year with the least amount 
of solar radiation. As these storms move inland (east) 
toward the Sierra Nevada, adiabatic cooling produces precip-
itation. Approximately 90% of the moisture (which is mostly 
snow) that falls on the Sierra Nevada falls west of the 
divide, and 10% falls east of the divide. Samples from the 
Mojave Desert suggest that condensation occurs at about 6500 
ft (2000 m) above the ground (Smith, Friedman, Klieforth and 
Hardcastle, 1979). In contrast, samples from the west slope 
of the Sierra Nevada suggest condensation occurs on the 
average, 3000 to 5000 ft (1000 to 1500 m) above the ground, 
illustrating that condensation over mountains occurs closer 
to the land surface. 
2. 2. 2 Local Weather Systems 
Eagle Valley, located on the eastern edge of the Sierra 
Nevada, receives winter storms that precipitate on the Sier-
ras as well as summer thunderstorms from the southeast. 




main storm types 
produces light 
are recogni ~ed. 'Ihe cold 
surface winds, little snow 
drifting, and a low amplitude profile of precipitation 
versus elevation, a ratio of 
measured at high and 
2:1 in amounts of precipitation 
low elevations, respectively 
8 
(Klieforth, 1981). 'nle second major type of storm is the 
confluent air mass, which produces stron9 westerly or 
southwesterly air flow with precipitation and profiles of 
20:1 on the leeward (eastern) side of the mountains. A 
third type of storm, summer thunderstorms, move in from the 
southeast. 
The amount of precipitation change in the Carson Range 
per elevation change has been calculated at 5. 72in/1000ft 
(Worts and Malmberg, 1966), 6.67in/1000ft (Arteaga and Dur-
bin, 1978), and 5. 72in/1000ft (Klieforth, 1981; see Figure 
2.1). 'nle Virginia Range (north and east of Carson City) 
average about 3.0in/l000ft elevation change. 
Comparison of meteorological data from the 1980-81 year 
to the average is important in this study since isotopi c 
content of precipitation is dependent on temperature; pre-
cipitation and temperature data are presented in Tables 2.1 
and 2. 2. 
Precipitation data (Table 2.1) indicate the 1980-81 
year was about 50 to 60 % o f average pr ec ipitation. There is 
considerable variation in the dnta; Carson City and Spooner 
Summit data both were n0% of the average annual precipita-
tion, while Clear Creek station was 27% of average. 
Throughout the 1980-81 precipitation year, there was extreme 
monthly variation and no regular variation between stations. 
For example, the percent change between the 1980-81 year and 
,.;.,._ ' . ..  
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Figure 2 .1 Annual Precipitation versus Elev_ation 





PRECIPITATION DATA IN EAGLE VALLEY 
AVERAGE MONTHLY PRECIPITATION Annual · Years 
Site Elev . (ft 2_ Jul Aug Oct Nov De c Jan Feb Mar Jun Prec ip . Averaged 
Carson City 4700 .2 6 . 18 .2 8 . 59 1 . 45 2.23 2.2 7 1 . 49 I . 11 .54 . 66 . 45 11 . 50 1875-1965 
Clear Cr eek 5800 . 25 . 44 . 54 1 . 55 3 . 12 3 . 34 4 . 25 2 . 87 2 . 30 1 . 02 . 61 . 11 20 . 40 1970-1982 
Spooner Summit 7146 . 44 . 39 . 40 1. 63 3 . 24 4 . 56 4 . 64 4 . 18 3 . 39 I . 76 . 89 . 12 25 .64 1970-198 2 
1980 - 198 1 MONTHLY PRECIPITATION 
~r6c~~ 7. as Snow Carson City - 4700 . 19 . JO .57 . 24 .6 6 . 82 2 . 24 . 22 . 82 . 36 . 63 . 00 
. Clear Creek 5800 00 . 00 . 00 . 00 . 00 . 00 2. 64 .4 9 1. 44 . 55 . 41 . 00 5 . 53 34 
Spooner Summit 7146 .2 0 .46 . 00 1. 04 .92 1 .59 5 . 08 1 . 62 2.6 0 I . 75 . 66 .00 15 .92 69 
1980-81 YEAR/AVERAGE ( ·t.) Annual 
Carson City 4700 73 56 204 41 46 37 99 I 5 74 67 95 0 )9.o 
Clear Creek 5800 0 0 0 0 0 0 62 17 63 54 67 0 2 7 . 1 
Spooner Summit 7146 45 117 0 64 28 35 109 39 77 99 74 0 62 . 1 
TEMPERATURE DATA IN EAGLE VALLEY AND SURROUNDING AREAS 
AVERAGE MONTHLY TEMPERATURE (°F) Annual Years 
Site Elev .Uc ) Jul Oct Nov Dec Jan Feb Mar Jun Aver~ Averaged 
Carson City 4700 69 . 7 67 . 6 61.3 51 . 5 40 . 9 34 . 7 32.8 37 . 7 41 . l 47 . 4 54 . 9 62 . 0 50.0 1941 - 1970 
Minden 4720 68 . 5 66 . 7 60 .2 50 . 7 39 . 7 33.l 30 . 6 3&.0 39.4 46. 2 53 . 8 b0 . 9 48 . 8 1941-1970 
Glen brook 6400 65 . 5 64 . 8 59 . 2 49.5 39.3 34 . 0 32.3 33 . 9 36 . 0 42 . l 49 . 3 57 .2 46 . 9 1945-1970 
Mt Rose Bowl 8250 62.1 53 .6 43 . 8 33 . 6 30.1 27 . 2 27 . 2 33 . 2 42 . 7 54 . 1 40.7 1973-1981 
Viq1;inia City 6400 70 . 6 69.0 61 . 7 51 .2 41 . 5 34 . l 33 . l 35 . 5 39 . 0 45.1 52 . 7 61 . 8 49.6 1952-1971 
1980 - 1981 MONTHLY TEMPERATURE (°F) Location 
Carson City 4700 70 . 5 67 . 4 61 . 5 51 . 5 42 . 9 37 .2 37 . 1 39 . 9 42 . 7 51 . 2 56 . 4 68 . 7 52.3 
Mind en 4720 69 . 0 66 . 3 59 .9 50 . 0 41 . 6 35. 1 36 .0 37 . 5 40 . 4 50.l 55 . 3 66 . l 50 . 7 12mi. S of CC 
Glenbrook 6400 64 . l 63 . 3 58 . 5 51 . 5 43 . 9 38.6 37.8 37 . 3 38 . 0 45 . 7 50.2 61.8 49 .2 lOmi . SW of CC 
Mt Ro se Bowl 8250 61 . 0 51 .3 46 .2 37 . 2 33 . 1 33. 0 29.3 39 . 9 43 . 2 57.8 43 . 2 14mi . NW of CC 
Virginia City 6400 70.6 67 . L 60 . 0 52 . 3 42 . 7 38 .4 37. l 36.2 37 . 6 46.5 51 . l 64 . 9 50 . 4 * lOmi. NE of CC 
1980 -8 1 YEAR - AVERAGE (°F) Annual Oct-May 
Carson Citv 4 700 +0. 8 -0.2 +0 . 2 0.0 ~2 . 0 +2.5 +4.3 +2 .2 +1 . 6 +3.8 +1.5 +6 . 7 --:i:n +2 . 2} Minden 4720 +0 .5 - 0 . 4 -0 .3 -0 . 2 +1.9 +2 . 0 +5.4 +1.5 +1 . 0 +3 . 9 +1 . 5 +5 . 2 +l. 9 tt +2.65 Glen broo k 6400 - 1 . 4 - 1 . 5 -0 . 7 +2 .0 +4.6 +4 . 6 +5 .5 +3 . 4 +2 . 0 +3 . 6 +0 . 9 +4.6 +2 . 3 
Mt Rose Bowl 8250 - 0 . 2 -2.3 +2 .4 +3 . 6 +3 .0 +5 . 8 +2.1 +n . 7 +n . ~ +1 . 7 +2 . ~ +3 . 0 
Virgi ni a City 64 00 0 . 0 -1 . 9 - 1 . 7 +l.l +1.2 +4 .3 +4 . 0 +0 . 7 -1.4 +1 . 4 - 1 . 6 +3.l +0 . 8 +l . 2 
* All stations in the Carson Range, except V~rginia City 
Tables 2.1 and 2.2 Precipitation and Temperature Data (Klleforth, 1981) f-" 
0 
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the average for August indicates Spooner Summit (7146 ft) was 
117% of normal, Clear Creek station (5800 fe et ) was 0% of 
normal, and Carson City (4700 ft) was 56% of normal. 
Temperature data (Table 2. 2) show that for four sta-
tions in or at the foot of the Carson Range, the 1980-81 
year aver-aged 2.23±0.l"F (l.24°C) warmer than the average 
for the entire year. TI1e temperature variation was regular 
between stations over a fairly large area. Monthly tempera-
ture data indicate that November through June of 1980-8r was 
substant ially warmer than the average, whereas July through 
October temperatures in 1980-81 were essentially the same as 
the average. Since the majority of precipitation from the 
1980-81 year was during October through May, the average 
temperature change for these eight months indicates the 
1980-81 year was 2.65±0.fi"F (l.47°C) warmer than the aver-
age. This temperature difference is used with isotopic data 
from the 1980-81 year to calculate average isotopic composi-
tion. 
Approximately ten miles west of car son City is Lake 
Tahoe, which has a surface area of about 200 square miles. 
The evaporation from Lake Tahoe has been estimated at 60-~5% 
of inflow (Friedman, Redfield, Schon, and Harris, 1964), 
which amounts to 30 in/year or 304,000 acre-ft /year. Th is 
amount of evaporation probably contri butes to moisture in 
clouds which precipitate over Eagle Valley. 
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2. 3 VEGETATION 
Eagle Valley has a considerable range ~ 11 climate from 
the valley floor to high elevation mountains, which produces 
different vegetation groups. The valley floor is mostly 
pasture and urbanized lands where the natural vegetation has 
been sig.nificantly altered. 'Ihe vegetation in areas in the 
valley that are not developen can be classified as northern 
desert shrub, which consists of sagebrush, rabbitbrush, hor-
sebrush, cheat grass, and a variety of other grasses (Barn-
berg and Friesen, 1972). Areas around stream channels are 
commonly vegetated with phreatophytes such as cottonwood 
trees. 
Higher elevations in the Virginia Range and Pinyon 
Hills (up to 7000 ft) are vegetated with similar shrubs with 
increasing abundance of Utah juniper and Pinyon pine. The 
Carson Range, which rises to an elevation of 9214 ft, has 
substantially more precipitation than the lower mountains. 
Vegetation in this range above 6000 ft consists of a variety 
of pine, fir, cedar trees, manzanita shrubs, and a large 
variety of smaller plants. 
During the period of 1860-1875, timber was removed from 
the Carson Range for the Comstock Mines. From 1885 into the 
twentieth century, uncontrolled migratory sheep herds 
stripped the land of grasses and shrubs, as in Ash Canyon at 
8500 feet. Numerous forest fires, such as those on July 22, 
13 
1926, and September 28, 1926, have altered the natural vege-
tation (Kirkham, 1976). n-ie upper elevation s o f Ash Canyon 
are subject 
8500 ft to 
to extreme erosion hazard; consequently, from 
9000 ft, the entire slope has been terraced. 
Vegetation in lower Ash Canyon has been burned away by a 
re:cent fire. All of these alterations by man have not only 
altered vegetation, but have changed the natural infiltra-
tion and runoff cycle in recharge areas. 
2. 4 GEOLOGY 
Eagle Valley consists of a sediment-filled valley sur-
rounded by block-faulted mountains. Eagle Valley is l ocat?d 
in the western extremity of the Basin and Range Physio-
graphic Province, an area characterized by east-west exten-
sional forces, which produced north-south trending block-
faulted mountain ranges and valleys. 
Geologic mapping in and around Eagle Valley has been 
done due to the proximity to the Comstock mining district at 
Vi r g in i a Ci t y, Nev ad a (Tr ex 1 er , Koenig , Fl yn n , and Br uc e , 
1980). n-ie area was f ir studied by Reid (1911), followed 
by Zones (1958), Eisinger (19'50), and an extensive report by 
Moore (1969). Geologic maps at a scale of 1: 24000 (7 1/ 2-
minute have been recently completed by the Nevada Bureau 
of Mines and Geology: carson City quadrangle (Trexler, 
1977), New Empire quadrangle ( · ngler, 1977), and Genoa qua-
drangl ·e , (Pease, 1980). and earthquake 
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studies have recently been done in Eagle Valley (Kirkham, 
197":i; McKinney, 1976) due to the potential For moderate 
seismic hazards. 
The entire area of Eagle Valley is underlain by rocks 
associated with the Mesozoic granodiorite batholith. There 
are no P.recambrian or Paleozoic rocks exposed; the oldest 
exposures are Jurassic-Triassic metamorphic rocks, which 
appear as roof pendants in the granodiorite. Post-Mesozoic 
deposits include a series of Tertiary volcanics that range 
in composition from andesite to rhyolite. Most of the 
Quaternary formations consist of fluvial and alluvial depo-
sits with the except ion of a very recent basal tic-andesi te 
volcanic vent and its associated flows which are exposed in 
the Virginia Range (Trexler and others, 1980). 
The Carson Range is predominantly Cretaceous, consist-
ing of grayish-white granodiorite with a large roof pendant 
of Triassic andesite. This andesite formation crops out in 
a mile-wide, east-west-trending band between Clear Creek and 
Ash Canyon Creek. The Carson Range is offset from the val-
ley floor by a series of north-northeast-trending normal 
faults at lower elevations. 
The Virginia Range, north of Carson City, is predom-
inantly Cretaceous granodiorite with some Jurassic-Triassi c 
volcanics and Quaternary volcanics. Faults in this rang e 
are predominantly northeast - trending high angle normal 
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faults. The Pine Nut Mountains consist of Cretaceous grano-
diorite and Quaternary floodplain deposits at lower eleva-
tions. At 
\ 
- - -1..: 
higher elevations, there are outcrops of 
Jurassic-Triassic brecciated andesite, Triassic calcite mar-
ble, and Tertiary andesite. Faults in the Pine Nut Moun-
tains generally trend north-northeast (Bingler, 1977). 
Approximately thirty-five known or inferred faults dis-
place alluvial sediments in Eagle Valley and one fault dis-
pl aces bed roe k at the surface. About 80% of all faults 
trend north to northeast and appear to be high angle (50-75/ 
normal faults (Kirkham, 1976). Faul ts appear to control 
the location of hot springs in Eagle Valley (Trexler and 
others, 1980). 
2.5 HYDROLOGY 
2. 5. 1 Physical Hydrology 
The first extensive hydrologic appraisal of the Eagle 
Valley groundwater system was the Water Re sources-
Reconnaissance Series Report 39 (Worts and Malmberg, 1966). 
Other published informa tio about the Eagle Valley groundwa-
ter system include Arteaga and Durbin (1978), the Carson 
City quadrangle groundwater map (Katzer, 1980), and assess-
ment of geothermal resources (Trexler and others, 1980). 
The groundwater system seems to be best defined as a 
single large unconfined aquifer, since it has been 
16 
impossible to define separate aquifers. This is due to the 
alluvium consisting of noncontinuous interbed d Qd coarse and 
fine material, with no major beds of coarse material. The 
alluvial basin in Eagle Valley is ahout six miles long, 
three to five miles wide, and has a surface area of about 
13,000 acres (Worts and Malmberg, 1966). The alluvium 
ranges in thickness from less than 100 ft to more than 800 
ft. 
Natural recharge occurs from the Carson Range to the 
west, Virginia Range to the north, and the Pine Nut Moun-
tains to the east. The piezometric elevation map (Worts and 
Malmberg, 1966) indicates flow is generally east across the 
valley, so the predominant recharge area appears to be the 
Carson Range. Worts and Malmberg estimate 95% of recharge 
is from the Carson Range. This recharge occurs via a combi-
nation of streamflow infiltration, mountain front recharge, 
and deep percolation. All previous studies have indicated 
that streamflow infiltration is by far the predominant 
mechanism for recharge; direct deep per co lation of precipi-
tation is considered negligible. Worts and Malmberg (1966) 
estimated that 8,700 acre-feet is annually recharged (15% of 
the total precipitation), whereas Arteaga and Durbin (1978) 
estimated 1,200 acre-feet/year of natural recharge; their 
figure is lower due to diversions from streams for municipal 
and agricultural use. 
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Other sources of groundwater recharge which have 
altered the natural recharge system includ & infiltration 
from irrigation, septic tank effluent, ;:ind land application 
of sewage effluent. The Carson City Sewage Treatment Plant 
(STP) currently uses land application as part of its sewage 
treatment process. Irrigation areas in the valley have been 
delineated mostly in the Kings Canyon drainage area. Ground-
water recharge from municipal and agricultural use has been 
estimated at 4,400 acre-ft/year (Arteaga and Durbin, H7'3). 
One agricultural area is located between Prison Hill and the 
Carson River, which receives irrigation water from the Car-
son River via Mexican ditch. Between agricultural recharge 
in this area and recharge from the Carson River at certain 
times in the year, it is possible that an appreciable amount 
of water infiltrates into the groundwater system in this 
area, mixing with mountain-recharged water. 
There is natural discharge from the aquifer into the 
Carson River at two locations: near Empire and south of 
Prison Hi 11. The combined discharge f rom the g ro undwa te r 
system at these two areas has been estimated at 2,000 acre-
ft/year (Worts and Malmberg, 19:,5), and 2,700 acre-ft / year 
(Arteaga and Durbin, 1978), both based on differences in 
flow from stream gaging surveys. 
Total average yield from surface water and groundwater 
reserves has been estimated at 10,000 acre-ft / year (lvorts 
18 
and Malmberg, 1966), and 9,000 acre-ft/year (Arteaga and 
Durbin, 1978). However, this yield comes a t th e cost of 
reaching a new piezometric surface equilibrium, or in other 
words, the depth to groundwater will be much greater. Com-
parison of 1966 and 1980 depth to groundwater maps (Worts 
and Malmberg, 1966; Katzer, 1980) indicates a net decline 
valley-wide of 10 to 20 ft. 
The valley alluvium appears to be composed of noncon-
tinuous interbedded gravel, silt, and clay beds, and as a 
result, average hydraulic conductivities are not very large. 
Hydraulic conductivitie s for deep wells have been calculated 
at fixlo- 5 ft/sec to 1. 6xlo- 4 ft/sec (Worts and Malmberg, 
1966) which is approximately the average hydraulic conduc-
tivity of silty sand (Freeze and Cherry, 1979). Different 
hydraulic conductivity zones have been identified in the 
valley alluvium (Katzer, 1980), with the highest hydraulic 
conductivity zone located in a square mile area at the mouth 
of Ash Canyon and Vicee Canyons (north of Kings Canyon). 
Most of the valley alluvium is classified as having lower 
hydraulic conductivity, 1md the northeast portion of the 
alluvium is classified as having fair hydraulic conduc-
tivity. 
Faults appear to alter the flow of non-thermal water in 
the aquifer in the north-central part of the valley, as evi-
denced by abrupt changes in the depth to groundwater map 
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(Worts and Malmberg, 1966). High angle large displacement 
normal faults appear to be the main structur a l control of 
thermal water migration and resource localization. Three 
thermal areas are recognized in F.agle Valley: Carson Hot 
Springs, in the north-central part of the valley; the sewage 
treatment plant (STP) well maximum security prison hot 
springs (Prison Hot Springs) area at the north end of Prison 
Hill, and the Pinyon Hills area, at the eastern edge of the 
valley. Carson Hot Springs has several small faults located 
near the spring outlet, although none is alignec'l with the 
point of discharge. A normal fault northwest of Prison Hill 
appears to control Prison Hot Springs, 
well at the sewage treatment plant. 
and the nearby wa r .n 
A fault mapped 0. Fi 
miles north of the Pinyon Hills thermal area is inferred to 
extend south through the thermal area (Trexler and others, 
1980) . A shallow temperature survey in the Pinyon Hills 
area (Trexler and others, 1980) indicc1tes a steep tempera-
ture gradient and elongated pattern, im plying fault-
controlled geothermal fluid migration. 
2.5.2 Water Chemis ry 
The first study involving a water chemistry analysis of 
the Eagle Valley aquifer (Worts and Malmberg, 19f5fi) was done 
for the purpose of identifying potential water-quality 
related problems. l\ total of 22 well waters were samplec'l 
and analyzed for major ions; all wells were of good chemical 
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quality. Data from W:>rts and Malmberg (1966) and Trexler, 
and others, (1980) are used in this study. M additional 
twenty analyses from the Desert Research Institute Water 
Analysis Data System (WADS) are also used in this study. 
When the major ion chemistry of thermal and non-thermal 
wells in· Eagle Valley and Carson Valley are plotted on a 
Piper diagram (Piper, 1944), non-thermal waters show that 
c a r bona t e i s th e pr e do m i n a n t an i on • n-ie cation composition 
of non-thermal waters averages 40% calcium, 40% sodium, and 
10 % magnesium. 
Thermal waters have been classified into two groufJS 
based on the major ions present: sodium-sulfate enriched 
waters of the Carson Hot Springs and Prison Hot Springs 
area; and the calcium-sulfate enriched waters of the Pinyon 
Hills area. There seems to be evidence of mixing of thermal 
and non-thermal waters, since there are wells of composi-
tions between the non-thermal water composition endpoint and 
thermal water c omposition. Sodium-sulfate rich fluids are 
the dominant thermal fluid composition in a region that 
extends north from Eagle Valley south to Tonopah. Calcium-
sulfate rich waters occur equally as widespread in other 
nearby. thermal areas. The chemical similarities of these 
water types suggest that Triassic and Jurassic deposits of 
gypsum and anhydrite which are present in the Pinyon Hills 
area may be the source of the calcium and sulfate. 
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Only one previous study in Eagle Valley has made use of 
stable isotope chemistry (Trexler and other s, 1980). Con-
clusions reached were: thermal waters are isotopically 
lighter than non-thermal waters with respect to deuterium; 
and thermal and non-thermal waters are meteoric. 
Geothermometry has been used to estimate maximum fluid 
temperatures at Carson Hot Springs (Trexler and others, 
1980) • This spring has a surface temperature of 50°C; ~1-
cedony and Na/K 2 geothermometry produces estimates of 79°and 
75°C, respectively, for the maximLm1 fluid temperatun'!. 
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CHAPTER 3 
THEORY OF HYDROGEOCHEMICAL INVESTIGA ~ iO NS 
3.1 MAJOR CONSTITUENT CHEMISTRY 
Analyses of the major cations and anions in water from 
different- parts of the flow system can be used to estimate 
several aquifer parameters such as flow direction, relative 
flow velocity, and per c ent evaporation before recharge. 
Estimation of the percent of precipitation that infil-
trates (or percent e·vaporation ) can be calculated by co l-
lecting samples of precipitation and soil water, and analyz-
ing for a major ion or electrical conducti v ity. As prec ipi-
tation slowly evaporate s , the ions left behind increase i n 
concentration. Using the ratio of: 
Ion Concentration (Preci itation) = 
Ion Concentration In iltration % Soil Recharge 
one can calculate the percentage of precipitation left tha t 
has infiltrated, assuming there is no s urface runoff. Note 
that this only represents recharge in t o the soil zone at a 
particular elevation and does not represent recharge to the 
aquifer. Since many cations such as sodium and calcium can 
be exchanged for other cations in the soil, anions are con-
sidered more accurate for recharge cnlculations. Both 
chloride and elec tri c al c onducti v ity analyses were used in 
r 
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this study. Percent evaporation was calculated at different 
elevations by sampling at a range of elevati o ns. Evapora-
tion percentages obtained were also used in Lhis study to 
compare to evaporation percentages obtained from stable 
isotope analyses. 
Chl?ride and electrical conductivity analyses were used 
in conjunction with annual pr~cipitation and area data from 
Eagle Valley for a rough estimate of annual recharge. One 
assumes with this type of analysis that ion change is not 
due to other inputs along the flow path. 
The Maxey-Eakin method of estimating percent recharge 
(Watson, Sinclair, and Waggoner, 1976) is similar to the 
method used because it assumes different percentages of pre-
cipitation infiltrate, based on the amount of precipitation. 
The Maxey - Eakin method (Eakin and others, 1951) was 
developed by assuming recharge in an undeveloped basin 
equals the annual discharge. Then, based on a precipitation 
zone map of Nevada (Hardman, 1931)), the percentages of pre-
cipitation that recharged were adjusted by trial and error 
until annual recharge equa l ed annual discharge. Trial and 
error adjustment or percent recharge was based on 13 basins 
in east-central Nevada. 
The estimates are as follows: "no significant ground-
water recharge is believed to occur in the zones having pre-
cipitation of less than 8 inches. In the 8 to 12 inch zone, 
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the rech a rge may be about 3 percent of the precipitation; in 
the 12 to 15 inch zone, about 7 percent; ir. t he 15 to 20 
inch zone, about 15 percent; and in the zone having over 20 
inches, about 25 percent" (Eakin and others, 1951). The 
inaccuracy in this method lies in calculating evaporation 
and transpiration in the valley, the majority of discharge. 
This method also does not differentiate recharge from pre-
cipitation above 20 in; which is most of the Carson Range. 
In other words the Maxey-Eakin method was developed for arid 
basins, and the Carson Range of the Sierras is not arid. 
The ~axey-Eakin method annual recharge estimate for Eagle 
Valley is compared to the chloride and electrical conduc-
tivity recharge estimates from this study in Section 6.3. 
Infiltration into the aquifer in Eagle Valley probably 
occurs mainly via stream channel infiltration. This process 
can be quantified by stream gaging and sampling at different 
times of the year. As with infiltration, nS the water in a 
stream evaporates, the flow will decrease along wit~ an 
increase in conductivity. However, fa ctors such as spring 
input, groundwater input, o r bank stor a ge input will change 
the conductivity, all which cannot be realistically meas-
ured. Practically, one can only make general conclusions 
based upon flow and conductivity changes. 
A decrease in flow over a stream section during summer 
and winter with a definite increase in conductivity 
r 
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i n d i cat es ev a po ration , or poss i b 1 y trans pi ration • Decrease 
in flow with no change in conductivity indic at es infiltra-
tion. Note that a decrease in flow in the summer over a 
section and no decrease in flow in the winter indicates the 
flow loss was due to phreatophyte usage in the summer, or 
the ground was frozen in winter, reducing infiltration. 'Any 
groundwater inflow to a s t ream should have a higher conduc-
t i v i t y , s i n c e so i 1 wa t e r fl o w w i 11 i n c r ea s e i o n co n c e n t r a -
tion faster than stream flow. 
To some extent, the chemistry of unaltered surface 
water and groundwater will be characteristic of the geology 
in a certain area. This is because water will dissolve ions 
in certain percentages based upon available ions from rocks. 
The soil zone will supply Hco 3 , from root respiration, and 
from atmospheric co 2 . Weathering of volcanic rocks produces 
clays and a certain amount of potassium, sodium, silica, 
iron, and magnesium. Pa rt i a 1 so 1 u ti on of ev a po r i t es wi 11 
supply carbonate, calcium, sodium, sulfate, and chloride. 
As water travels farther along in the fl ow system, changes 
in chemistry will reflect increasing d issolved ions from 
surrounding rocks. 
In his classic paper Chebotarev (1955), based upon the 
analyses of more than 10,000 chemical analyses of wells, 
concluded that natural groundwater tended toward the compo-
sition of sea water. Th is is seen in an anion shift from 
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bicarbonate to sulfate to chloride as the water t r avels 
further along the flow path. This shift is acrompanied by 
an increase in electrical conductivity and tot al dissolved 
solids. This ion shift reflects: 1) changes in ion availa-
bility in different areas; 2) ion solubility differences; 
and 3) differing reaction rates of ions. Carbonate usually 
comes from co 2 in the soil zone in recharge areas, sulfate 
and chloride are usually from evaporites, which are found in 
deep sedimentary basins. From bicarbonate (K=lo-A· 3i to 
sulfate (K=l0- 4 ) to chloride (K=lOO), solubility increases 
10,000-fold for each ion shift. Consequently, as water 
travels, bicarbonate saturation is reached first, since it 
is the most prevalent anion at the beginning of the flow 
path. As the groundwater flow continues, evaporites are 
encountered, and sulfate becomes the dominant ion, 10,000 
times more soluble than bicarbonate. Bicarbonate concentra-
tion can still increase, but only t o slightly over satura-
tion. O,loride eventually becomes the major anion, once 
halite beds are reached. 
'A trilinear diagram of anions, with corners of c <'lr-
bonate, sulfate, and chloride (Piper, 1944), will represent 
the 0,ebotarev sequence as a shift from corner to corner, 
accompanied by a conductivity increase. In a single basin, 
with groundwater flowing through characteristic rock types 
and formations, cations will also show a trend. 
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Cation chemistry of thermal areas can be used empiri-
cally to estimate original thermal reservoir temperature. 
Geothermometry used in this study is based on Na-K-Ca method 
(Fournier and Truesdell, 1973). Th e rm a 1 wa t er is less 
dense than colder water, so equal hydraulic head of a ther-
m a 1 we 1 1 h a s a h i g he r pr e s s u r e he a d th a n a c o 1 d we 11 w i t h 
the same hydraulic head. If this head difference is known, 
one can calculate the depth at which the heads are equal by: 
[depth) [density] hot= [depth+ HJ rdensitylcold 
This depth may represent the rock-alluvium contact, where 
fracture flow thermal waters mix with cold water in the 
a 11 uv i um. 
3.2 STABLE ISOTOPE CHEMISTRY 
3.2.1 Introduction 
Isotopes can be defined as the same element with 
:liffering atomic masses due to a different number of neu-
trons in the nucleus. There are over 1000 isotopes of the 
ninety-two naturally occurring elements on earth. Isotopes 
that have proved useful 
and biologic studies 
in various hydr ol ogic, meteorologic 
include hydrogen ( 1 H, 2H, 3H), carbon 
( 12c, 13c, 14c), nitrogen ( 14 N, 15N), oxygen ( 16 o, 17 o, 18o), and 
sulfur ( 32s, 34 s). This study makes use of stable isotopes 
1H, 2H, 16o, 18o, and 13c, and radioactive isotopes 3 H, and 
14c. The present section is devotecl entirely to discussion 
of stable hydrogen and oxygen isotopes; tritium ( 3H) will be 
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discussed in Section 3.3, and carbon isotopes will be dis-
c us s ed in Sec t i on 3 • 4 • 
Stable hydrogen and oxygen isotopes are particularly 
useful in hydrologic studies as tracers since the isotopes 
are part of the water molecule. Therefore, these isotopes 
are essentially co n s e r v a t i v e tracers (no hydrodynamic 
d i s pe r s i on ) • Isotopes of hydrogen and oxygen occur natur-
ally in the following proportions: 
ISOTOPE RELATIVE ABUNDANCE TY PE 
percent ppm 
lH pro ti um 99 • 98 4 99 9840 stable 
2H deuterium • 0 ~r1 0-10~18 stable ~H tritium 0-10 radioactive 
i•o oxygen 99. 76 99 7fi00 stabl e 
170 oxygen • 04 40 0 stable 
180 oxygen .20 20 00 stable 
(Freeze and Cherry, 1979) 
Of the stable isotopes 1 H, 2 H, lfio, 180, tl-iere are six 
combinations of the water molecule: 
"10LECU LE ABUNDANCE ATOM IC WEIGHT 
ppm 
H2 0 1& 9 9 7~80 18. 
H2 0 18 20 00 20 • 
HD0 16 32 0 19. 
HD0 18 < 1 21 • 
D2 0 1& < 1 20. 
D20 18 <l 22 • 
Only the first three occur naturally in large enough 
quantities for hyd rolog ic purposes. Which compounds are 
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present in a sample is inconsequential, since total de u-
teri um and oxygen-18 mass is what is measured . 
Concentrations of the isotopes of water are not usually 
reported in parts per million, but rather as a percent 
difference of the ratio of heavy to light isotopes compared 
to a standard. This difference in the isotopic ratios of 
the sample from the standard is callecl the a-value and is 
defined as: 
180 / 160 
sam sam 
618/16 = It) 16 
std/ 0 std 
D / H 
-l=(R -1)· 6D/ H= sarn sam_l=(R-1) 
ox , Dstd/Hstd d 
where R d ox an are referred to as sample isotopic 
ratio. The 618/16 values are most commonly reported in parts 
per thousand {per mil or %a) deviation. The a-formula is 
defined such that the sample with the lighter isotopic con-
tent (the most common case) is represented by a negative 
number, indicating depletion. For example, a sample wit~ 
R=.99 means 618/lfi = -10%.. = -1%, or 10 / 1000, or 1/1 00 less 
oxygen-18 / oxygen-16 than the standard (Muir and Coplen, 
1981). The notation that is used in this report, 6 18 / 16%.. 
6 D/H%-,. R , Rd are defined s: ox 
6 18 / 16 to = (R
O 
x - 1 ) l 0 0 0 o D/ H %., = ( Rd -1 ) l 0 0 0 
Standards used in isotopic studies are defined as follows: 
618/16 SMCM' = 0.0%-0 , or 1993.4 ± 2.5 ppm (Craig, 1<?6la) 
Cl8/16 V-SMOW = 0.0%., or 2005.2 ± .45 ppm 
r 
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6 18 / 16 SMOW 1.0059 6 18/ln V-SMOW 
6 D/H SMOW = 0.0%., or 158 ± 2 ppma 
6 D/H V-SMOW = 0.0%;; or 155.76 t .05 p pm (Fritz and 
Fontes , 19 8 0 ) 
6 D/ H SMOW = 1. 0142 6 D/H V-SMCM 
Other standards used for mass spectrometer calibration 
a re 1 i st ed in Sec t i on 5 • 2 • 4 • 2 • The standard SMCM (Standard 
Mean Ocean Water) has been used in early isotope studies, 
and V-SMOW (Vienna Standard Mean Ocean Water) is used in 
more recent studies. 
Due to the differing atomic weights of the various iso-
topic molecules of water, the compounds have slightly dit-
ferent physical properties. The greater the mass of a 
molecule, the more energy is required to change its phase, 
and heavier compounds will tend to remain in a lower energy 
state. In addition, the heavier the molecule, the higher 
the boiling point (since more energy is requirerl). In 
liquid form, heavier water molecules (HDo 16 ,H 2o
18 i will have 
a lower vapor pressure (amount of a substance in gas form) 
than light water (H 2o
16 ), since heavier molecules will tend 
to r em a i n i n the 1 i q u i d s ta t e • 
Changes in the 6 D/H or 6 18/16 ratios that occur from 
phase changes are called isotopic fractionation, and are the 
basis for use of water isotopes to trace the origin and flow 
of water. The assumption made in utilizing water isotopes 
as natural tracers of regional groundwater flow is that the 
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isotopic content of water once recharged remains relatively 
constant during the residence time of water i n the aquifer. 
Fractionation occurs along all stages of the hydrologic 
cycle from evaporation of ocean water, t:o atmospheric tran-
sport of moisture, to precipitation, nnd flow back to the 
ocean. Isotopic fractionation and change can occur as the 
result of: 
(1) Original evaporation from the ocean, where the 
amount of fractionation is dependent upon the tem-
perature; 
(2) Mixing along the path a cloud takes before precip-
itation; 
(3) Amount of precipitation along cloud path; 
(4) Temperature of final precipitation in study area; 
(5) Exchange and evaporation between precipitation and 
moisture in the air; 
(fi) Evaporation of precipitation 
before infiltration; 
from the ground 
(7) Mixing of different waters in the groundwater 
reservoir; and 
(8) Exchange and ultrafiltration of groundwater with 
geologic strata (Simpson, Thorud and Friedman, 
1970; Gat, 1971). 
A great deal of literature exists discussing fractiona-
tion at different stages in the hydrologic cy~le. This dis-
cussion of isotopic fractionation theory involves only those 
aspects directly applicable to the study of a groundwater 
flow cycle. The following sections are divided on the basis 
of each successive stage of water transport from the ocean 
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to water in the aquifer. These sections are: Section 3.2.:?. 
Stable Isotopes during Evaporation and Va po r Transport, 
Section 3.2.3 - Stable Isotopes during Condensation, Section 
3.2.4 - Stable Isotopes during Infiltration, Section 3.2.5 -
Stable Isotopes in Trees, Section 3.2.5 - Stable Isotopes in 
Groundwater Flow. 
3. 2. 2 Stable Isotopes during Evaporation and Vapor 
Transport 
Stable isotope analyses are reported as deviation from 
water samples (SMOW) originally taken from the ocean at a 
depth of 1600 to 5500 ft (Craig, 1gi:;1b) l\n ocean standai:-d 
is used since its isotopic content remains fairly constant 
over time at depth. Studies of cores of ice from the north 
and south pole indicate that 6 1A/lfi variation has been less 
than 1.2%-oduring the past 18,000 years (Winograd and Fried-
man, 1972), and 00/ H variation of less than 2%-o in the last 
9,000 years (Simpson, Thorud, and Friedman, 1970), so the 
oceans represent a source of essentially constant isotopic 
water. However, there is a very regular trend of increasing 
heavy isotopic content of 6D/ H in the tropical zone, between 
30°north and south latitude(Friedman, Redfield, Schoen, and 
Harris, 1964), due to increased evaporation which makes the 
remaining water isotopically heavier (Bostick, 197fy) 
When water evaporates from the ocean, the vapor is iso-
topically lighter than the remaining water. This difference 
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in isotopic content, the amount of fractionation, is depen-
dent on temperature, and is described by the t•s e of a, the 
fractionation factor. This is dP.fined by: 
Nv(H 20)=N1P(H 20) Nv(HOO)=N1P(HDO) 
Nv(HOO) N1P(HOO) 
Henry ' s Law : 
N =mole fraction in vapor 
N~=mole fraction in liquid 
P =vapor pressure or 
a = d 
Nv(H 20) = N1P(H 2o) partial pressure 
R = R • !_ 
V 1 Oj R=isotopic ratio:~~:fil component component 
Rliquid 
Rvapor 







x is der i ved b y the same method 
light component 
heavy component 
Assuming equilibrium ev2poration at 20°C, ad =l .08, and 
a ,,.= 1.009,which indicate t~at the vapor will have 8% morP. 
hydrogen and 1% more oxygen- l "i (light components) as com-
pared to the source, ocean water. Co n v e r s e 1 y , th e v a po r 
will have 1/ a -1 less of the heavy components. At -2 0 ° C, 
ai= 1.15, a,;=1.014, which again indicates the v apor has more 
light components and less of the heavy isotopes (D, 18 0) than 
the remaining water. This also shows that the amount of 
fractionation is greater at lower temperature. In other 
words, as the temperature drops, the fractionation factor 
increases, and the lesser amount of heavy isotopes evaporate 
and condense; 6 D/ H and 6 18 / ll'i become mo re negative 
(depleted). The fracti onatio n factor change with tempera-
tu re is i 11 us tr at ed in Figure 3. 1. The non-continuous frac-
tionation on the graphs of ad and a .. (the break in each curve) 
is due to the latent heat of fusion at the phase change 
between liquid and solid; i.e. the energy difference between 
evaporating vapor from a liquid at o·c verses evaporating 
vapor from a solid at o·c. 
-"""l 
o(O)( VAPOR PRESSURE H20,e 
VAPOR PRESSURE H2 d9 
. - I . ·-1. - I 
.JI .. I ··-, _J_+--t--' .J, - I , ;~ ' . '· 
' .,.__ ' I I I" 
"l l I I'\. I j ' 
1.ooe 
4 
1.0.08 1.0.10 1.0,12 1.0.14 1.01 e 1.018 
40 
30 s 
'· ' l '• ' l ,.. ' I I I"' ' - ' I -
~<) I -,~- ~- . 
1,v... I 





















~,,.. I llii:~r--..... o : 1' ' 1. 
• ~---· ~'lo,_ 
""""..MOJ 
, .. ' ' 
0 I l~I I ! ,- I o - I -l I 
.,-.. 
1.22 -4 1.20 1.09 1.08 1.10 
o<~ 
1.12 1.14 1.11 1. 18 
VAPOR PRESSURE H2O 
VAPOR PRESSURE Abo 
Figure 3.1 Hydrogen and Oxygen Isotope Fractionation 
under Equilibrium Conditions 










This temperature effect, also known as the kinetic 
effect, is more understandable if one consi <i ers the cell 
cluster model of evaporation. According to t t1is theory, at 
high temperature, massive amounts of water ev<1porate as 
clusters of molecules. For example, if six water molecules 
evaporate as a cluster, and the first cluster containing all 
H2o, the second containing one molecule of HOO, and the 
third containing one molecule of H
2
o18 , the atomic weights 
of these clusters would be 108, 109, and 110, respectively. 
Since the difference between molecule cluster masses is 
small, fractionation is small (Dansgaard, 191'4). At lower 
temperature, molecules evaporate individually, so the 
difference in masses of H2 o, HOO, and H2 o
18 (mass= 18, 19, 
20) is much more significant than at high temperature. Put 
simply, at high temperatures, so much mass evaporates 
violently, the process is not as selective as at low tem-
perature. In fact, a d= 1.000 at 220°C . 
The calculation of fractionation factors ( a d , a "' ' is 
based on the assumption of equilibrium fractionation, which 
usually exists only when the process (such as evaporation or 
conden sation) is slow. Nonequilibrium fractionation exists 
when the process is fast (Dan sgaard, 1964) •· Cl> servat ions 
and experiments indicate that evaporation in nature is 
mainly nonequilibrium (Friedman, Redfield, Schoen and 
Harris, 1964), but fractionation during condensation occurs 
under equilibrium conditions (Dansgaard, 1964). 
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Both evaporation and condensation in nature have been 
approximated by assuming Rayleigh distillati o n conditions, 
which assumes a continuous removal of the reaction products. 
For example, this corresponds to removal of rain from a 
cloud after condensation takes place. The Rayleigh process 
leads to higher fractionation than if the two phases were 
allowed to equilibrate (Dansgaard, 1964). Evaporation under 
equilibrium conditions, assuming Rayleigh distillation can 
be described by the following relationship: 
l Ra Relative Isotopic Ratio of Liquid 
R a - 1 
- - 6 
R.= Initial Isotopic Ratio of Liquid 




R a-1 e 
under 
a= Fractionation Factor 
equilibrium conditions can 
R = Relative Isotopic Ratio of Vapor 
R0 = Initial Isotopic Ratio of Vapor 
8 Fraction of Vapor Remaining 
a= Fractionation Factor 
be 
Once vapor leaves the ocean and moves inland, c1 change 
in the isotopic content of the vapor known as the continen-
tal effect occurs because of condensation and precipitation. 
This consists of the cloud vapor becoming progressively 
depleted isotopically (more negative 6D/H and 6 18/16) as the 
cloud moves further from its source. Since the precipita-
tion represents a lower energy state wi th respect to the 
vapor, it will remove slightly more heavy isotopes than 
light isotopes, which leaves the cloud slightly depleted. 
As this process is repeated, the cloud becomes progressively 
more depleted. The amount of depletion depends on both the 
amount of vapor condensing and the temperature of condensa-
tion, which changes the fractionation factors. 
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In c onclusion, the mass differences between H2o, HOO, 
and H2o
18 cause fr~ctionation during phase ch 3 ~g es which can 
be generalized as follows: 1) heavier molecules will tend to 
remain in or be trr1nsferred into a lower energy state; 7.) a 
phase change to a higher energy state will cause a depletion 
in heavy isotopes; and 3) as the temperature decreases,ct. 
increases, precipitating more light isotopes and less heavy 
isotopes. In other words, condensation at a cooler tempera-
ture from a source will be more depleted isotopically than 
condensation from the same source at a warmer temperature. 
This is discussed in greater detai 1 in the following sec-
t ion. 
3.2.3 Stable Isotopes during Condensation 
Given that under equilibrium conditions at 20 ° C, 
a..,=1.00, ~d=l.08, CL
0
,=l.009, one can set up a ratio of fractio-
nation factor changes and mass changes: 
CL 1 - CLw. c.mass (p-H}/H 
CL., - CL,.. • c. mass [1s-i4; 1; 8. 9: 8. 0 
which states that hydrogen isotope mass change is eight 
times that of oxygen i so~o pe mass t:, , and the CL ,; change is 
about nine times the CLor change, implying that deuterium frac-
tionation should be about eight times greater than oxygen 
fractionation. 
line: 
This fact is reflected in the meteoric water 
o D/H = 8( 0 18/16) + 10 (Craig, 1961a) 
w h i c h wa s o b ta i n e d fr om o v e r 4 0 O wo r 1 d w i d e p r e c i p i ta ti o n 
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samples. Condensation of water from clouds is brought about 
by cooling. As the air cools, it reaches sa uration and 
precipitation occurs. Fractionation of isotopes during con-
densation is not completely understooa (Friedman, Redfield, 
Sc h o en , a n d Ha r r i s 1 9 6 4 ) , bu t i f on e do e s a s s um e Ra y 1 e i g h 
distillation conditions, condensation occurs by (as defined 
in Section 3. 2. 2. ) : 
_RR.= Sa -l; substituting R = o%o +lO00 · 
1000 ' 
0%-o +1000 a -1 
o. %-. + 10 0 0 = 8 
8 , the fraction of vapor remaining is determined by 
assuming saturated v apor r3t mean sea level (MSL) rising 
pseudo-adiabatically, for saturated air. Th is causes cool-
ing at the rate of -l.8°C/l 000 ft which produces supersa -
turated vapor and some condensation. 
1.0 to 0.0 as altitude increases. 
Thus, 8 decreases from 
Using the appropriate 
fractionation factors ad and a "" in the Rayleigh condensation 
formula basea on an altitude versus temperature relationship 
developed for the Sierra, and assuming ocean vapor was ori-
g i n a 11 y a t + 1 0 • C a rd 6 D / H = - 1 0 0 %-. ( Sm i th , Friedman, 
Klieforth and Hardcastle, 1979), Figure 3.2 is calculated. 
The diagrams are calculated to an eleva tion of 18,000 ft, 
although in other mountain ranges ra da r echos off snow have 
been reported up to 35,000 ft (-50°C) (Frieqman , Redfield, 
Schoen and Harris, 1954). 
These dingrams indicate that enrichment of heavy i so-
topes occurs when vapor is partially condensen into liqui d . 
For example, using the deuterium diagram, va por at an 
r 
-3 5 e 
-3 o- . 1 •: 
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Figure 3.2 Calculated Isotopic Composition of Vapor and 
Precipitation in the Sierra Nevada Mountains 
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elevation of 13,000 ft (4000 ft cloud base above a 9000 ft 
mountain) would have a composition of 6D/H= -2"'0 %c, but snow 
condensing from that vapor would have a composition of 6D/H= 
-120%-o. This Rayleigh process illustrates the continental 
effect, since the vapor is getting progressively lighter as 
the cloud goes higher over mountains, due to enriched con-
densation that is removed from the system by precipitation. 
This system, however, does not take into account evaporation 
off the land back into the cloud. Most observations, how-
ever, are close to that predicted by Rayleigh distillation 
(Dansgaard, 1964). 
West Slope of the Sierra Nevada: 6 D/H = -12.%';, /1000 ft 
East Slope of the Si er ra Nev ad a: 6D/H = -3. 1%.. / 10 00 ft 
Mt. Rose, East Slope: 6D/ H = -2.1%.. / 1000 ft 
Swiss Alps: 6D/ H = -15.%.. /1000 ft 
Himalayas (16,000 to 22,000 ft): 6 D/H = -40.%../1000 ft 
{Smith, Friedman, Klieforth and Hardcastle, 1979) 
Southern Si err a Nevada: 6D/ H = -6. 0%.. / 1000 ft 
(Winograd and Friedman, 1972 ) 
Italy (Fritz and Fontes, 1980): 61 8 /16 =-1.6%.. / 1000 ft 
Chile (Fritz and others, 1981): 618 / 16 =-3.0%; / 1000 ft 
Cordillera Mtns (Payne, 1972): 6 18 / 16 =-0.8%-o / 1000 ft 
These show greater fractionation (more negative slopes ) 
in cooler areas {higher elevation mountains). Previous stu-
dies {Friedman and Smith , l 70; Smith an d others, 1979) con-
cluded that there is no regular isotopic trend on the east 
side of the Sierra Nevada. 
The Rayleigh process explains overall gross isotopic 
variation of precipitation over a large area, but cannot 




local scale, snow falling from a single cloud can have a 
different isotopic composition at different elevations. 
Isotopic variances with storm intensity and d uration have 
al so been recorded from a single source at the same eleva-
t ion {Judy and Me iman, 19 70) • 1h i s process is no t we 11 
understood, but one theory suggests that evaporation of pre-
cipitation as it falls c o uld account for this variation . 
Lower elevations, being warmer and lower, have a longer fal l 
path and greater amount of evaporation potential (due to the 
temperatt,Jr~) as compared to a higher elevation. Therefore, 
more prec i pitation will evaporate falling to a lower eleva-
tion and less will evaporate falling to a higher elevation. 
This generalization of less evaporation at higher elevations 
is observed in snow fal l ing with greater intensity at higher 
elevations at the same time. 
Due to storm source variation, storm path variation, 
temperature o f condensati o n, and numerous other factors, 
there is an extreme variation between storms at a single 
elevation. One study {Judy and Meiman, 1970) observed vari-
ations of oD/ H= -229%-o to -106%-o from di f ferent storms at a 
single station. 1his variance is homogenized as the snow 
melts and eventually infiltrates. To get the ·most appropri-
ate average isotopic content of precipitation at an eleva-
tion, it is best to core snow in late spring. 
Although individual isotopic variation between storms 
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is generally not samplerl, summer and winter storms, if sam-
pled separately, show an isotopic difference. i nee cond en-
sation occurs at a warmer temperature in summer precipita-
tion, they are observed as isotopically heavier (Bostick, 
1978) than winter precipitation and can be used in groundwa-
ter studies to rletermine if recharge is mainly from winter 
or summer precipitation. 
3.2.4 Stable Isotopes during Infiltration 
Once precipitation has fallen, only a fraction infil -
trates due to evaporation in the air and on the ground. The 
amount of evaporation, or conversely, the amount of infil -
tration can be extremely important in arid regions, and can 
be estimaten with ions changes (see Section 3.1). Ev apo ra-
tion c an also be estimated with isotopes using the Rayleigh 
distillation formula for evaporation as previously defined: 
1 R. 
(1) _.2 = 8CL 
R 
1 R •Ri•iaotopic ratio of phase remaining (infiltrated water ) 
R.•R
9
•or1ginal isotopic ratio of precipitation or snow 
B • frac tion of water reaainingfrom precipitation to infiltration 










R• iso topic ratio 
Q• volume: 
s•snow or precipitation 
1•1nf1ltrated water 
v-vs.por 
equation containing the isotopic 
of snow, Os %-o, isotopic ratio of infiltrated water, 




-c--:c---,---,- - e 5s%+1000 ( 3) 
1 - e 
The fraction infiltrated can only be solved for by an 
iterative process. The complete derivation of Equation 3 is 
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found in Appendix 6. This equation is valid only when a 
phase change in the source does not occur. In other words, 
evaporation from snow or evaporation from rain can be 
estimated with this equation, but not evaporation from snow 
which then melts and continues to evaporate. This is because 
the phase change from sol id to 1 iquicl changes the isotopic 
fractionation and this is not accounted for in the equation. 
As with chloride ion, this equation can only estimate how 
much evapora t ion occurre-:l between two samples (or estimate 
fraction remaining). 'Ih is "local recharge" into the soil 
zone does not necessarily become groundwater recharge. 
When considering both 6D/H and 618 / lfi in evaporation, 
the isotopic composition of the remaining liquid will become 
heavier as more heavy isotopes will remain in that phase. 
This corresponds to increasing 6 D/ H and 6 18 / 16 content. 
Under equilibrium conditions, evaporation will oc cur 
with deuterium fractionating eight times faster than oxygen, 
i.e., on a 6D/H verses 6 18 / 16 graph, a slope of 8 is pro-
duced (Dansgaard, 19154) This is rare l y found in nature, 
indicating that most evaporation is through non-equilibrium 
conrlitions. 
Non-equilibrium fractionation is not very well under -
stood, but one conclusion based on laboratory experiments 
and some field data (Dansgaard, 1g,:;4) concludes that the 
faster the evaporation from a limitecl source, the smaller 
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the slope (6 60/H/.6 618/16). This is because deuterium seems 
to be much less sensiti.ve to the kinetic effects (high eva-
poration) than oxygen isotopes. The oxygen isotope ratio 
will change quickly in fast evaporation. Therefore, the 
slope can be used as a rate of evaporation indicator. The 
slope under fast evaporation at 20 • C equa l s 3. 2 in lab 
experiments. Field observations of evaporation (Muir anci 
Coplen, 1981; &lmunds and Wright, 1979; Gat, 19 7 1) yielded 
slopes of 3.0, 3.3, and 4.5. IJsually the faster the eva-
poration, the higher the temperature at which the evapora-
tion occurred. 
Several factors must be ta ken into account whe n 
estimating 
tions will 
ev a po r a t ion 
have fast 
at different 
ev a po r a t i on or 
elevations. Low eleva-
sm a 11 slopes • Al so, 
since the temperature is higher and there is little precipi-
tation, snow will evaporr1te quickly. High elevations have 
slow evaporation, approaching equilibrium evaporation, so 
the slopes are less than but approaching 8. Tn addition, 
evaporation occurs slowly for a long period of time. The 
result is more fractionation will occur at higher elevations 
since evaporation occurs over a much l onger period of time, 
and the temperature is cooler (fractionation factor is 
larger at a lower temperature). This is in agreement with 
the cell cluster theory discussed in Section 3. 2. 2 in which 
it was concluded that lower temperature evaporation produced 
more fractionation. 
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Fractionation of precipitation in recharge areas occurs 
continuously until recharge. Infiltration o f part of the 
precipitation greatly reduces the variance of individual 
snow storms (Judy and Meiman, 1970). Therefore, measurement 
of infiltrated water serves two purposes: r.alculation of 
percent recharge; and smoothing of input precipitation iso-
t o p i c com po s i t i o n ( Ga t , 1 9 7 1 ) • 
3.2.5 Stable Isotopes in Trees 
In an attempt at collecting a several year average of 
infiltrated water, samples of water from parts of a tree were 
sampled in this study. In a study of isotopic fractionatio ~ 
between soil water and tree water, it was concluded that 
roots do not appear to fractionate water (Ziegler, Osmond, 
Stichler and Trimborn, 1976). Once in the roots, water can 
be transferred into several different parts of the tree 
structure which may or may not cause isotopic fractionation. 
The parts of a tree from the bark to the center are: 
the bark or cork, phloem, new and old xy lem, and the pi th. 
The phloem is responsibl e for making th e bark and transport-
ing resins down the tree. The xylem transports water up the 
·-. 
tree. At any given time, only a thin rind of young phloem 
and young xylem is functional. Older xylem near the center 
of the trunk gradually blocks up with resins and gum, and 
water conduction is no longer possible (Weisz, 1971). Such 
central regions are c alleci heartwood. One can analyze the 
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isot o pi c ratio of either trapped water or the cellulose 
water of any part of the tree. 
Previous studies of tree ring cellulose (xylem) water 
(Burk and Stuiver, 1981) have used oxygen isotope changes as 
an indicator of past climates. The oxygen-13 in organic 
cellulose molecules appears to come from dissolved co 2 in 
soil water and from atmospheric co 2 • There is a high corre-
lation between 618 / 16 in cellulose and mean annual tempera-
ture (Gray and Thompson, 1977). Another study (Epstein, 
Yapp, Crayton and Hall, 1976) concluded that cellulose 
618/16 in land plants is poorly correlated to 6 18 / 16 in 
environmental water. Since some of the oxygen in terres-
trial plant cellulose is from atmospheric co 2 , and atmos-
pheric CO 2 has an isotopic composition of 618/16 = +41%-o 
(Epstein, Thompson and Yapp, 1977), mixing of soil water co 2 
and atmospheric co 2 would effectively enrich the 6 18 / 16 
value of the soil water co 2 • Therefore, cellulose 6 18 / Hi 
cannot be used as an indicator of the isotopic composition 
of soil water. 
In this study, it was dee ided that sampling water from 
the water-stabilized portion (old xylem) of a tree would be 
the best indicator of soil water isotopic composition. In a 
previous study (Wershaw, Friedman, Heller, and Frank 1966), 
water from leaves, xylem and phloem was analyzed for deu-
terium and com pa red to nearby pond water. An al yses 
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indic;:,ted that for an average of nine samples: 6 D/H = -103%-. 
for pond water; 6D/H = -94%-. for xylem; 6D/H = - - a i. for phloem; 
and 6D/H = -34%-o for leaf water. This was interprete<i as 
indicating very little fractionation between recharge water 
ancl water in the tree, but considerable enrichment was 
apparent in the leaves due to e•,aporation. The trees sam-
pled were phreatophytes (cottonwood and willow) in which 
transpiration was estimated at about 65 gallons/day. There 
seemed to be considerable migration of water between phloem 
and xylem, which acr.ounts for their similarity. The authors 
concluded that the trees sampled contained no more than a 
two to three year record of soil water in the xylem due to 
the water migration. 
Water from trees which are not phreatophytes has not 
been previously studied, nor has this technique been applied 
on a regional scale as is done in this study. 
3. 2.6 Stable Isotopes in Groundwater Flow 
Once water precipitatP.s in recharge areas, it eventu-
ally reaches the aquife r hrough a variety of flow paths: 
infiltration, then seepage into a stream, more evaporation, 
and eventual infiltration in the valley alluvium; infiltr;i-
tion then deep underflow to the aquifer; and surface runoff 
to stream channels and infiltration in the valley aquifer. 
Recharge into the groundwater system in Eagle Valley prob-
ably consists of a combination of all three, which makes it 
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difficult to quantify evaporation. The process by which 
water flows into the aquifer tends to homogen' ze the isoto-
pic variation found in precipitation and shallow soil water. 
In a study of a small groundwater system in Olile (Fritz, 
Suzuki, Silva and Salati, 1981), the four-year 618/1':i varia-
tion from a spring was ±3%-o. 
Changes which will show up in a regional aquifer are: 
seasonal (winter and summer pre~ipitation) variations; and 
any long term change from recharge that occurred in the past 
when there was a different climate (Gat, 1971), observed in 
semi-arid and arid areas. The seasonal variance has been 
observed in runoff from Steamboat Creek (20 mi north of Car-
son City; White, 1968) where isotope values are enriched in 
the summer and depleted in the winter primarily due to eva-
po ration. As discussed in Section 3.2.2, precipitation iso-
tope chemistry along the Pacific Coast is considered fairly 
constant for the past 9000 years, so there is probably lit-
tle chance of a long term isotopic change from a difference 
in coastal climates. This may not appl y to inland areas 
such as Eagle Valley, since there are few paleo-climate iso-
tope studies in northern Nevada. Slight variations in tem-
perature wi 11 change the climate considerably, as observed 
in the 1968-69 Sierra snow fall approaching Pleistocene cli-
mate (Smith and others, 1979). 
Isotopic fractionation can al so occur within an 
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aquifer. Oxygen-18 enrichment of water from carbonate o r 
silicate species has been observed at hig h temperatures 
(Ba c k and Hanshaw, 1965). Fractionation has also been 
observed in deep alluvial basins as water travels through 
clayey aquitards (Winograd and Friedman, 1972). '!his pro-
cess, known as ultrafiltration (Freeze and Cherry, 1979) 
affe c ts deuterium only and appears to be limited to waters 
at high pressure, at depths of at least 1500 ft. 
3.3 TRITIUM DATING OF GROUNDWATER 
Tritium, a radioactive isotope of hydrogen, is natur-
ally produced in the atmosphere by cosmic ray bombardment c f 
nitrogen. Natural production of 0. 25 atoms/ cm 2/ sec is 
equivalent to 1-2 tritium units (TU) l<oA'.)rldwide (Payne, 
1972). One tritium unit i.s defined as 1 H3.:,tom/1'1 18 hydro-
gen atoms or 7.2 decays per minute per liter of water 
(dpm/1 ) , or 3. 2 pCi / l (Fritz and Fontes, 1980). Tritium 
values are less over oceans due to more precipitation. 
Since there is usually less precipitation over land, tritium 
values in precipitation are larger, averaging 5 to 20 TU 
( Payne , 19 7 2 ) • Tr i t i um i n pr e c i p i t a t i o n i n fa c t , i n c r e a s e s 
with overland distance from the coast. 
Atmospheric thermonuclear testing in the 1950s and 
1960s has increased the atmospheric tritium levels three to 
four orders of magnitude, as high as 9000 TU in Socorro, Ne w 
Mexico (Rabinowitz, Gross, and Holmes, 1977). 
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Unfortunately, tritium levels were not Monitore0 before 
1953, so few pre-bomb tritium levels are ac- t 1 ally known. 
Post-1953 water is referred to as modern water or bomb tri-
tium water. Monitoring of tritium levels in Las Vegas (Fig-
ure 3.3) represents the closest location where tritium lev-
els were sampled (from Trudeau, 1979, after unpublished data 
by Kauffman, U.S. EPA, Las Vegas). 1'1is graph does not show 
the seasonal variation of tritium which is less in high pre-
cipitation months and greater in low precipitation months. 
Precipitation records from Ottawa, Canada, do show lower 
tritium levels in the winter (times of greatest precipita-
tion) and higher tritium levels in the summer (Freeze ard 
Cherry, 1979). In conclusion, tritium in precipitation is a 
function of available t ritium and the amount of precipita-
tion (Rabinowitz, Gross and Holmes, 1977a). 
Tritium decays at a fixed rate, so that once removed 
from the atmosphere, tritium ac tiv ity in the g roundwater 
progressively decreases. 
a decay formula: 
-t/ T A= A.2 or t 
11-lis re l ationship is described by 
-T A A.= i n itial activity 
= ln 2 lnA0 A activity at time,t T = ½life= 12.26 years 
Since tritium has such a short half-life (12.26 years), 
use as an indicator of groundwater age is limited to about 
50 years (Campana, 1981). 
Calculation of the age of groundwater with tritium can 
be none by calculating first arrival of trit ium pea k , o r 
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-timing the travel distance of an identifiable tritium peak 
between t obser·,1at ion po in ts (Rabinowitz, Gross, and 
Holmes, 1977b) Other researchers (Rabinowit z , Gross, nnd 
Holmes, 1977b; Allison and Hughes, 1975; Nir, 1964; Campana, 
1976; "'lahin, 1978) have developed computer models for tri-
tium input, decay, dispersion, and groundwater flow to come 
up with istimates of annual recharge from different s o urces. 
In this study, tritium leve l s in wells were not moni t ored 
for severa l years to identify these peaks, so there i s 
insuffi c ient data to justify modeling the tritium varia t ion 
in the groundwater system. 
A piston flow syste:n (no dispersion or mixing) approxi-
mates an arid, unconfined aquifer system with mountain 
re c harge (Nir, 1964). By assuming pisto n flow, tritium 
input in precipitation will simply have d ecayed a certain 
amount by the present, which is represented by the lo wer 
curve on Figure 3 . 3. Tritium levels in , wells can then be 
compared to this decayed le v el . For example, a wel l con-
taining 200 TU probably contains approxiMately 19"i3-water, 
which would make the water sampled in 1981, 18 years ol d . 
3.4 RADIOCARBON DATING OF GROUNDWATER 
Carbon-14, like tritium, is a radioactive isotope which 
is produced in the upper atmosphere by cosmic ray bombard-
ment at the rate of 2. 5 atoms/ cm 2/ se c (Payne, 1972 ) . The 
carbon-14 content in the atmosphere has been shown, by t ree 
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ring analysis, to have varied naturally during the last 7000 
years, but the variation is small. Ine to atmo s pheric ther-
monuclear testing in the 1950's and 1960's, the carbon-1'1 
concentration in the atmosphere was increased; in 1963, the 
level was 184% of the natural level (Geyh, 1972) in the 
northern hemisphere. 
Carbon-14 decays at a log-linear rate to nitrogen-14, 
emitting a beta particle and an antineutrino. The decay can 
be described by: 




A.= initial activity 
A= activity at time t 
T =½life= 5730 years 
8267 = 5730/ln2 
Because of the long half-life of carbon-14 compared to 
tritium, radiocarbon dating can be used to determine the age 
of water which is 1,000 to 50,000 years old (Campana, 1981). 
The original carbon-14 activity is now defined as 95% 
of the activity of NBS oxali c acid in 1950; and equal to 
13.56 decays per minute per gram (dpm/g) oE carbon. Another 
standarci used is 1oA:>od grown in 1890 in a Eossi 1 CO 2-free 
e n v i r o nm en t ( Fr i t z a n d Fo n t e s , 1 9 8 0 ) . Activity of a sample 
is frequently reported as deviation in parts per thousand (%;,) 
from the standard, similar to 6D/H defineci in Section 
3.2.1. Carbon-14 activity used in this study ' is reported as 
percent modern carbon where: 
A/A. X 100 = Activity (percent modern carbon) = A(PMC) 
An activity of 100% PMC is close to "steady state" 
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activity of tropospheric co 2 (CO 2 in plants; Fritz and 
Fontes, 1980 ) 
In theory, once carbon-14 in water, ei t her as dissolved 
CO 2 gas or carbonate, enters the hydrologic system, there is 
no further carbon-14 input, and it begins to decay. There 
is possible subsurface production of carbon-14 near radioac-
tive sources (Zito , Donahue, Davis, Bentley, and Fritz, 
1980). Carbon is not an ideal tracer since some carbonate 
from limestone and carbonate cement will mix with the 
groundwater as it flows through the aquifer. Since most 
limestone beds are greater than 50,000 years old, they will 
have little carbon-14 activity, and as such will effectively 
dilute the carbon-14 activity of the groundwater, making 
groundwater samples appear to be older than they actually 
are. 
To calculate the actual age of the groundwater sampled 
at a point, therefore, one must know what per~ent of carbon 
is from the soil zone in recharge areas and the percent from 
dissolved carbonate along the flow path, as described by: 
co?+ H2o + caco? <> ca
2+ + 2HCO1 _ (Mook, 1972) (sofl) (dissoived) (samplM) 
This is compounded by cation exchange with ciays: 
2Na-clay + ca 2+<> Ca-clay+ 2Na+ (Pearson and White, 1967) 
which is thought to produce Naco 3 waters. There seems to be 





proportion of plant carbon in diluteci carbonate and cation 
exchange. 
Dilution can be approximated by use of ,3 stable iso-
tope, carbon-13. TI"lere is a difference in 6Cl3/12%-o (6%-. as 
defined in Section 3.2.1) values of soil co 2 and marine 
limestone-, which can be used to calculate the percentage of 
each. Marine limestones have a fairly constant 6Cl3/12 of 
about 0.0 ± 2.5%-o (also the standard; Smith, Downing, Monk-
house, Otlet and Pearson, 1976). Fresh-water limestones 
(not as c ommon) have a 6Cl3 / 12 range of +5%-o to -lli%o (Edmunds 
ancl Wright, 1979). 
Carbon-13 from the soil zone, derived primarily from 
root respiration and some from atmospheric 6 Cl3/12, varies 
with the type of plant: 
Calvin photosynthetic plants (C4 type, primarily 
cold regions): 6Cl3 / 12 = -25. ± 3~ 
Hatch-Slack photosynthetic plants (C3 type, common 
in arid regions: 6Cl3 / 12 = -12.~; 
Succulents (C3 and C4 type): use C4 when stressed, 
C3 when unstressed 
Recharge areas with no pl ants: atmospheric 
carbon-13 only: 6Cl3 / 12 -Ii. 4%--. 
( f r om Osmond , 1 9 8 1 ; F r i t z a n d Fo n t e s , 1 9 8 0 ; 
Lerman, 1972; and Payne, 1972) 
The best possible method for correcting carbon-14 samples 
for dilution is to measure soil co 2 - o C13 / 12 in recharge 
areas and limestone 5Cl3 / 12 in the study basin . One such 
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measurement of 6Cl3/12 values and carbon-14 activity (Fritz 
and Fontes, 1980) shows mixing and fraction ati on between 
plants, air and soil CO 2 due to photosynthetic fractionation 
as illustrated in Figure 3.4. Note that a 1% variation in 
A(PMC) is equivalent to about 83 years. During respiration 
of vegetal carbon to atmospheric sources, it is assumed that 
carbon-14 enrichment is twice carbon-13 enrichment due to 
atomic mass ra tios. Commonly, soil CO 2- 6Cl3 /1 2 is· assumed 
to be -25%-. and limestone is assumed to have a composition of 
6Cl3 / 12 = 0.0%". in order to develop correction equations 
(Pearson and White, 1967). 
In this case, the corrected carbon-14 acti v ity can be 
calculated by: 
14 A = 14 A / P where P = pl / (pl+ls} adj measured ' 
Using 6C equal to the some fraction of both plant car-sample 
bon (pl) and 1 imesto~e carbon ( 1 S) : 
ls 6C = p 6C + pl+ls 6c1s sample pl+ls pl 
6C = 0.0 p = ( 6C l - 6C1 ) / ( 6C 1 - 6c 1 ) ls samp e s p s 
p = 6C l / -25. 6Cpl= -25. samp e 
To take in to account both c arbonate dilution and c ation 
exchange, the following r la ionship wa s developed (Pearson 




log(Ctotal) = -log( 6 Csample/ - 25 -l + log(Cinitial ) 
If - plotted with log[Ctotal l as the abscissa, and 





N"cPlltC) = 1 oo ... , 
Ataoapherlc CO2 
6C 1 SI 12 a .... 41'. 
A1 "\pmc) s 103. 1, 
DISCHARGE AREA 
P• .. zolc Carbonate 
&C13/12 • 0.01'. 
,J4<p11tc) • 00.0, __ _ 
Moct.rn Carbonate 
Preclpttatlnt 
6C 13113 = 4.21'. 
4lp•c> • 10a.a, 
6C 13112 = Carbon-13 laotoplc compoaltlon 
Mixed Water. Halt aoll derrlwed 
carbOftate, haif Pai.ozolc 
carbonate (no decay)_ 
6'C13/12: -12.61'. 
,J "<P11t0> = s0., 
1« A (pmc) = Carbon-14 actlwlty (per ant modern carbon) 
mod I fled after Fritz and Fontea, 1 ea0) 
Figure 3.4 The Carbon Isotopic Cycle 
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i ntercept equa l to log(Cinitiall . '!his analysis technique 
allows one to group samples to calculate C. . . 1 1 n 1..: 1 a 
group. P' is equal to P if one sample is used. 
for the 
Other techniques us ed to calculate initial carbon 
activity have been attempted (Mook, 1972; Wigley, 1975; 
Geyh, 1972). One approach uses a U.S.G.S. program, WATEQ-
ISOTOP, (Edmunds and Wright, 1979), which assuming a closed 
system taking into account PC 02 and pH changes. 






To quantify the hydrologic cycle in Eagle Valley, water 
from each compone:,t of the cycle was sampled. Snow, the 
predominant form of precipitation in the valley, was sampled 
at different elevations. Pressure-suet ion lysimeters we re 
installed at different elevations to collect the portion of 
I - -
water from snow and rain that inf~ ~ d. Tree xylem water 
was sampled to collect an average of sev eral years of infi l -
tra ted water. Since stream channel infiltration is con-
sidered the major mechanism for recharge to the aquifer, Ash 
Canyon Creek was gaged and sampled at different elevations 
to account for gains and losses in flow and contributions 
from different elevations. Fi na 11 y, we 11 s and springs in 
the unconfined aquifer in the valley alluvium were sampled. 
An effort was made to sample more wells along the west to 
east flow path from Ash Canyon Creek to the natural 
discharge area, the Carson River. 
4.2 RECHARGE AREA SAMPLING 
4.2.1 Snow Sampling 
Eagle Valley's main recharge area (the Carson Range) is 
located on the leeward side of most storms, and leewar d 
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slopes generally do not show a stable isotopic shift with 
elevation as observed on most windward slope !:: , Snow was 
sampled along west-to - east and north-to - south traverses in 
an attempt to sample the most regular isotopic shift possi-
ble. Snow was sampled along slopes rather than in valleys to 
insure that the snow sample was not drifted snow from 
another elevation. 
Snow was sampled in the Carson Range using one inch 
diameter PVC pipe, eight feet long. One end of the PVC pipe 
was modified with several larger diameter pieces of PVC and 
a cut out lid of a Cubitainer for the purpose of making sam-
pling snow easier. '111e sampler was pushed vertir.ally into 
the snow, and a Cubitainer was screwed onto the top of the 
sampler tube. The sampler was then withdrawn from the snow, 
inverted, and a 3/4 inch diameter PVC pipe with 3 rubber 
stopper was used to extrude the snow core into the cubi-
tainer (see Figure 4.l). Sampling snow with this method 
insured an unbiased vertical core of snow. Where the snow 
was deeper than eight feet, an extension was put on the snow 
sampler. Air was then pushed out of the cubitainer to 
minimize exchange of isotopes in the snow with the air. The 
cubitainers were not inflaten before attaching to the 
sampler in order to prevent any isotopic exchange with the 
moisture in one's breath. The above process was repeaten 
until approximately a half gallon of snow was obtained. 
I 
Figure 4.1 Snow Sampling with Modified PVC Pipe 
Figure 4.2 Sampling a Pressure-Suction Lysirneter 
61 
62 
A to ta 1 o f 5 2 s n ow s am p 1 es we r e ta k en i n th e s p r i n g o f 
1981 in the Carson Range, Virginia Range, and p · ne Nut Moun-
tains. Snow in the Carson Range was sampled on March 14, 
1981, along the north-south ridge from Snow Valley Peak to 
Spooner Summit. Samples were taken at 250- ft elevation 
intervals, and duplicate samples were taken 50 ft apart at 
every other elevational station. 
analyzed for stable isotope content. 
These samples were not 
Snow was again sampled in the Carson Range on April 14, 
1981, along an east-west path from Snow Valley Peak through 
Ash Canyon (east) to Carson City. Samples were taken at 250-
ft elevational changes from 9200 ft down to the lowest snow 
level (6200 ft) Mditional snow samples were taken in Ash 
Canyon on May 28, and June 14, 1981, near lysimeter sites 
(see Section 4. 2.2). Sample locations could not be located 
accurately at all stations with a map and Brunton compass 
due to the dense forest; however, samples were taken at 
correct elevations. A surveying altimeter used to locate 
stations is accurate to ±2 ft. 
Snow samples were taken in Ash Canyon in the Carson 
Range on April 10, 1982, for the purpose of comparing isoto-
pie values with the previous year. 
analyzed. 
These samples were not 
Snow was sampled in the Virginia Range on McClellen 
Peak slopes, and in the Pine Nut Mountains on Marr.h 28, 
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1981. Four samples were taken from 7440 ft to 6000 ft in 
the Virginia Range, and two samples were take 11 in the Pine 
Nut Mountains at 6200 ft and 5380 ft. 
An additional three snow samples from the Carson Range 
and one from the Virginia Range were sampled and analyzed 
for tritium in order to have modern precipitation tritium 
values in Eagle Valley. 
4.2.2 Lysimeter Water Sampling 
Pressure-suction lysimeters were installed in different 
locations in the Carson Range for the purpose of collecting 
infiltrated snow melt and rain water. Lysimeter water sam-
ples were used with snow samples to develop an approximate 
percent evaporation from stable isotope, chloridP., and 
electrical conductivity shifts from snow to soil water. 
Lysimeters were also used to collect infiltrated rain water, 
which, in theory would have a different isotopic composition 
from the infiltrated snow water; unfortunately, it did not 
rain in the spring and summer of 1981. 
The pressure-suction lysimeters used consisterl of a 2.5-
inch diameter, three-foot piece of PVC pipe _with a porous 
ceramic cup i'lt the bottom (see Figure 4.2 with Figure 4.1). 
Two plastic tubes penetrate the top, which is sealed with a 
rubber stopper. One tube extends the full length of the 




just penetrates the top of the lysimeter. 
water, either tube was sealed and a suet io n 




we re 1 e ft 
in the ground with suction for approximately two weeks. To 
withdraw the water sample, positive pressure was applied to 
the upper tube, forcing water out the lower tube. Parizek 
and Lane (1970) used thi s type of lysimeter for sampling 
water up to a depth of 50 ft. 
Each lysimeter in this study was installed with approx-
imately eight to twelve inches of fine sand (#50 to noo 
sieve size) packed around the porous c up. The sand insures 
good hydraulic contact and prevents clogging of the lysime-
ter. All holes were backfilled with native earth to near 
surface and sealed with bentonite. Dry bentonita was first 
applied to the surface before wet bentonite to insure that 
little water used in the bentonite c ap would leak down into 
the porous cup. A hand soil auger was used to dig the holes 
for the lysimeters. 
Three lysimeters were installed in Clear Creek Canyon 
at Spooner Summit at 7146 ft (L-1), U.S. Highway 50 at 6400 
ft (L-2), and at the Clear Creek Youth Center, 6000 ft (L-
3) • 
Five lysimeters were installed near Ash Canyon Creek so 
they could be easily located during the sampling period. 
Some lysimeters were placed in springs, so water collected 
65 
should not he considered sampled from a specifi c elevation 
but from a small range in elevation. 
Lysimeter 4, at 8530 ft, is at the uppe r end of a large 
pasture at 8200 ft to 8500 ft in Ash Canyon. This is a 
local discharge area, presumably from water recharged in the 
fractured rock above (8500 ft to 9200 ft). Th i s pa s t u r e 
area remained saturated to the surface with water from snow 
melt until mid-September as observed in an open hole drilled 
near the lysimeter . 
Lysimeter 5, at 8010 ft, was installed 20 ft south of 
Ash canyon Creek, and generally did not yield water. This 
area has a low land slope so infiltrating water in the area 
probably does not flow toward the stream channel. 
Lysimeter '5, at 7440 ft, was placen on the north side 
of Ash Canyon Creek, 50 ft above the creek. The lysimeter 
was placed at a depth of 2 f1/directly in a small spring. 
This spring has enough disc~ge to keep the surface wet, 
but does not produce any surface flow. The spring drains an 
area which rises to an e levat ion of 8350 ft. 
Lysimeter 7 was originally placed at 7000 ft, about 20 
ft south o f As h Ca n yo n Cr eek • The soil is very thin here 
due to outcropping granodiorite, consequently, this lysime-
ter did not yield any water. Th is lysimeter was movec on 
August 13, 1981, to a f:!.owing spring about 150 yards 
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nor th east of the creek. This spring drains an area up to 
7800 ft in elevation. ·1 
Lysimeter 8 was ori~lly placed at 6400 ft, but since 
soil moisture was very low (2-4%), the lysimeter did not 
yield any water. '!'he lysimeter was moved on June 11, 1981, 
to 6250 ft, near North Ash Canyon Creek, nnd placed at a 
depth of four ft. This area consists of a silty coarse sand 
which is saturated at a depth of three feet; where possible 
subsurface discharge to the stream may be occurring. 'Ihe 
water in the lysimeter is not bank storage from the stream, 
as evidenced by conductivity measurements. The conductivity 
of lysimeter water is 1,15 umhos/cl!l, and that of the stream 
is 60 umhos/cm, indicating the lysimeter water probably 
travelled farther in soil than the stream water. 
From the eight lysimeters installed and monitored from 
May, 1981, until May, 1982, a total of 50 soil water samples 
were taken. 
On May 20, 1982, lysimeters 1, 2, and 3 (in Clear Creek 
Canyon) were sampled for so i l-CO 2 , in an effort to collect 
initial 6Cl3/12 and Cl4(i:xnc) values in recharge areas. All 
three lysimeters were sampled for cClJ/12, and lysimeter 2 
was sampled for C-14 activity. Soil co 2 was first measured 
with a Draeger CO 2-tube analyzer. Sampling was done by 
drawing, with a vacuum pump, air from the lysimeters through 
a series of erlenmeyer flasks filled with NaOH and SrC1 2 
r 
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solutions (described in Section 5.4.2). Airstones were used 
in each bottle to increase co 2 capture (see Fi gur e 4.3). 
4.2.3 Soil Sampling 
In order to determine the isotopic composition of water 
in the soil where lysimeters could not yield water, soil 
samples were taken, and the soi l was distilled in the 
laboratory to extract water. A three - inch diameter hand 
soil auger (courtesy of the Nevada Bureau of Mines and Geol-
ogy) W3S used to dig out the soi 1. At each site an at tempt 
was made to sample a zone two to three ft below the surfa c e, 
the zone where lysimeters sampled water. Soi 1 samples were 
taken at shallower depths at L-7 site, where the soi 1 is 
much thinner. A.bout t e n pounds of soil 'Aere collected at 
each site, which was placed in double plasti c soil sample 
bags. The procedure used for distilling samples is 
described in Section 5.2.2. 
4.2.4 Tree Water Sampling 
Techniques for sampling water in re c harge areas need to 
be developed in order to study remote basins. If tree water 
sampling can be appropriately developed, it would be possi-
ble to sample tree water rather than lysimeter water. 
Tree samples were taken in Eagle Valley on July 9, and 
July 21, 1981, at each lysimeter station for stable isotope 
analyses. Addit i onal tree samples were taken in Clear Creek 
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Figure 4.3 Srco3 Precipitate from Soil-CO2 
Figure 4.4 Tree Coring 
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Canyon at 6400 ft on January 25, 1982, (lysimeter 2 site) 
The heartwood or water-stabilized part of ':h e tree was 
sampled in this study by coring. A core was taken through 
the bark and one inch of the phloem and xylem, then dis-
carded. The tree was then cored through the center of the 
tree. On~ core produced about 70 to 90 grams of wood chips, 
which produced 30 to 40 grams of water when distilled (aver-
age moisture content of 45%), enough water for a stable iso-
tope analysis. Twelve cores were taken from a single tree 
on January 25, 1982, for tritium analyses; eight c ores pro-
duced 250 milliliters of water. 
Co r ing was accomplished with a one-inch diameter, fif-
teen-inch long, slow speed wood-boring auger bit and a hand 
b r a c e ( see Fi g u r e 4 . 4 , w i t h Fi g u r e 4 • 3 ) • Th e b i t pr o d uc e d 
shavings of wood suitable in size for use in the distil la-
t ion apparatus (see Section 5. 2. 2). Wood shavings were col-
lected in a plastic bag pinned to the tree beneath the area 
being augered. Air was pushed out of the bags before seal-
ing. The hole in the tree was then filled with a wood dowel 
and tree tar. 
Since different species of trees occupy different eco-
logical niches, it was not possible to sample the same 
species at all elevations. A total of twenty tree samples 
were taken, and fifteen were analyzed. 'T'rees sampled are 
approximately 50 to 70 years old, based on similar sized 
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trees cored by the U.S. 
6400 ft. 
Forest Service in Ash Canyon at 
4.3 STREAM GAGING AND SAMPLING 
To confirm the sizable contribution of stream channel 
infiltri3tion to groundwater recharge, J\sh Canyon Creek was 
gaged at nine locations on August 27, 1981, and at five 
locations on January 29, 1982. 
Stream gaging was performen using the velocity-area 
method; by measuring the cross-sectional area and velocity 
at several points across the stream. Each site was gaged at 
three to six gaging points. The velocity was measure~ using 
either a Marsh-McBirney 201 transducer flow meter with digi-
tal readout, in August (see Figure 4. 5), or a USGS pigmy 
meter in January. 
Ash Canyon Creek and side channels were gaged on August 
27, 1981,at 8150 ft, 7870 ft, 7450 ft, 7000 ft, 6620 ft, 
6190 ft, and 5290 ft. Temperature, conductivity, and pH 
readings were taken at every gaging station and at seven 
springs that flowed into Ash 
(125ml) and tritium samples 
gaging site. 
Canyon Creek. 
(1 liter) were 
Stable isotope 
ta ken at each 
l\sh Canyon Creek was gaged again on January 29, 1982, 
only in the lower section, 6~20 ft, 6190 ft, and 5290 ft , 
where the August gr1ging indicated channel loss. i:t was 
Figure 4.5 Stream Gaging with Trans-
ducer Flow Meter in Ash Canyon Creek 
at 7800 feet. 
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hoped that this gaging would help determine if water loss 
was due to evapotranspiration or stream flow i f i ltration. 
The USGS Parshall flume at 5290 ft was gaged and velo-
city was calculated from the height to determine gaging 
error. 
4.4 DISCHARGE AREA SAMPLING 
4.4.1 Well and Spring Sampling 
Wells and springs throughout Eagle Valley were sampled 
for major ions, stable isotopes, tritium, and carbon iso-
topes. An east-west zone extending from lower Ash Canyon tc 
the Carson River was more extensively sampled. A total of 
twenty-seven wells and two springs, throughout Eagle Valley, 
were sampled and analyzed for major ion chemistry and stable 
isotopes, and nineteen were sampled for tritium. A total of 
five wells and two hot springs were sampled for radiocarbon 
dating. 
The procedure used for sampling wells was designed to 
obtain a fresh groundwat er a mple. Mos t wells sampled were 
privately owned in which owners consented to the sampling, 
and five wells were Carson Water Company wells~ Sampling at 
a well was done by turning on a faucet, preferably near the 
well, for about ten minutes to allow the holding tank to 
drain and the pump to turn on. A five-gallon bucket wa s 
then filled, which was used to fill all sample bottles and 
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perform field water chemistry. Major ion samples were col-
lected in one-gallon plastic cubitainers; tr i tium samples 
were collected in one liter glass bottles; and stable iso-
tope samples were collected in two 125-ml glass bottles. 
Tritium and stable isotope sample bottles were filled and 
capped underwater so that no air was trapped in the bottles. 
Both types of bottles have teflon-lined caps, which provide 
an airtight seal. 
s ample caps • 
Electrical tape was then wrapped around 
Field chemistry data were taken at each well and con-
sisted of a minimum of temperature and electrical conduc-
tivity, with some wells tested for pH and dissolved oxygen. 
All probes were placed in the bucket before samples were 
taken to allow probes to equilibrate with the well tempera-
ture. 
Wells that were sampled for carbon isotopes required 
special treatment. These wells or springs were first sam-
pled and analyzed in the laboratory for bicarbonate present 
in solution. Field determination of bicarbonate content 
would have been more accurate, but was not done. The amount 
of water needed to obtain a minimum of two gr;-ams of carbon 
was then calculated (see Section 5.11). The amount of water 
necessary for collection was: 100 liters for sample U77, 
120 liters for samples Ul2 and ,10, 150 liters for samples 
i48 and #52, 200 liters for sample #1002, and 400 liters for 
74 
sample #178. Fifty liter plastic carboys were used to col-
lect these samples. 
1981. 
Sam pl es t4 8, #5 2, and It 1 77 we re sampled on 0c tober 27, 
Samples #48 and #52 are Carson Water Company wells, 
which were turned on two hours prior to sampling. '!he Max-
imum Security Prison Hot Springs (#178) was sampled on 
November 6, 1981, directly from the spring discharge by use 
of a sump pump. Carboys were filled directly in the truck. 
Samples #112, #10, and 11002 (Carson Hot Springs) were col-
lected on May 20, 1932. The procedure used for precipitation 
of the carbonate from these samples is described in Section 
5. 4. 2. 
4.4.2 Stream Gaging 
The Carson River was gaged on November 6, 1981 in order 
to verify the groundwater discharge estimated by Worts and 
Malmberg (1966) and Arteaga and Durbin (1978). '!he Carson 
River was gaged at the USGS gage east of Prison Hill and at 
the Brunswick Canyon Bridge. In addition, outflow and 
inflow to Mexican ditch , and the runoff ditch from the 
sewage treatment plant were also gaged. The Carson River 
was gaged with a USGS pygmy meter, using approximately 40 
stations across the river for velocity and depth; the 




5.1 MAJOR ION ANALYSIS 
Twenty-nine samples from Eagle Valley were analyzed for 
pH, electrical conductivity, major anions (Hco3, cot, Cl-, 
so;), Major cations (Na; K; ca+,2 Mg+ ) , and silica at the 
Analytical Laboratory of the Desert Research Institute's 
Water Resources Center. Cation-an ion balance is within ±3 % 
on all samples (oral communication, Jim Heidker). 
laboratory error is approximately 5% or less. 
Overall 
The laboratory pH was measured with an Orion Research 
901 Ion Analyzer with glass electrode, which has an accuracy 
of ±.05 pH. The electrical conductivity of all samples was 
measured in the laboratory at 25 ° C with a Beckman Conduc-
tivity Bridge which has an accuracy of ±5% (American Public 
Health Association, 1980). 
Al 1 major cations were measured on 
Laboratory (IL) Atomi ~ Absorption/Atomic 
an Instrumentation 
Emission Spectro-
the flame pho-photometer 951. Sodium was measured by 
tometric method with detection limits of 0.1 mg/1, and an 
accuracy of about 5%. Fo tassi um was al so measured by the 
flame photometric method. Minimum detectable concentrations 
of potassium are 0.1 mg/1, with an accuracy of 5% by this 
analytical method. 
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Calcium concentration in samples was measured by the 
atomic absorption spectrometric method with detection limits 
of 0.1 mg/1, and an accuracy of ±1%. Magnesium 1as measured 
by the same method, in which the absorptio n of light at a 
specific wavelength is measured. Minimum detectable concen-
trations are 0.1 mg/1 with an accuracy of ±1%. 
The alkalinity or carbonate component of samples was 
measured by potentiometric titration, in which sulfuric acid 
is added as the pH change is measured. Accuracy is about ±3 
mg / 1. OJ loride content in samples was determined 
colorimetrically, by addition of mercuric thiocyanate and 
ferric ammonium sulfate, and measured on a Coulter Automated 
Analyzer with detection limits of 0.1 mg / 1. 
Sulfate was measured by the turbidimetric method, in 
which barium chloride is added to precipitate barium sul-
fate, and the absorption of light is measured with a photom-
eter. Detection limits are 1 r:ig / 1, accuracy of ±1%. 
Dissolved silica was determined by the colorimetric 
method by the addition of ammonium molybdate and aminonap-
thosul fonic acid to the solution, and measured on a Coulter 
Automatic Analyzer. Detection limits for silica are 1 mg / 1. 
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5.2 STABLE ISOTOPE ANALYSIS 
5. 2 .1 Int rod uct ion 
Water from snow, lysimeters, soil, tree xylem, springs, 
and wells were analyzed for stable isotopic content. Water 
had to be extracted from low moisture soil and tree xylem by 
use of a ·distillation apparatus described in Section 5.2.2. 
Most stable isotope samples were stored for a consiclerable 
length of time before analysis (several months); the pro-
cedure used for preserving samples is described in Section 
5. 2. 3. A discussion of the techniques used for stable iso-
tope analysis is found in Section 5.2.4. 
5.2.2 Soil and Tree Water Distillation 
The objective of the distillation process is to remove 
all water from the sample, since isotopic fractionation 
could result with partial distillation. From a previous 
discussion (Section 3.2.4), it: was concluded that fast eva-
poration results in less isotopic fractionation. Therefore, 
fast distillation should be incorporated when samples are to 
be analyzed for isotopic con ent. 
The cold finger distillation apparatus used in this 
study can heat samples up to 4oo·c, and uses liquid nitrogen 
to supercool the vapor (-210° C), which is considerably more 
efficient than cold water or dry ice. The cold finger 
apparatus used consists of a flask containing the sample, 
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which is connected to the condenser by an angled glas~ tube. 
Both the flask and the connector tube have heating mantles, 
to evaporate water. The condenser is double wai l~d so that 
liquid nitrogen can be poured into the condenser and remain 
separated from the sample (see Figure 5.1). The system uses 
a vacuum to draw the vapor from the sample fl ask in to the 
condenser. - The flask and connector tube heating mantles are 
controlled by a variable voltage supply to regulate tempera-
tur e. Actual temperature of the sample is difficult to con-
trol; temperature is dependent on the number of heating man-
tles turned on and the mass of the samples. No condensation 
apparatus is 100% efficient, but when this apparatus was 
used before for soil distillation for tritium analysis, a 
spiked sample showed about 95% recovery of water with about 
1% fractionation (Hansen, 1978). 
The first step in the soil distillation process was to 
determine the percent moisture of the sample. If possible, 
18 ml of water was distilled to insure filling a 13 ml glass 
vial. Smaller (6.5 ml and 11 ml) vials were also used. A 
minimum of about 3 ml of water is needed for analysis of 
oxygen-18 and deuterium (with no rerun). calculation of 
percent moisture was done by drying a small quantity of sam-
ple for 24 hours at 105•c, and measuring the weight of water 
lost. Soil moistures sampled ranged from 2 to 20%. Very dry 
soils required a very large volume of soil to produce enough 
water for analysis. The 250 ml flasks of the distillation 
79 
Figure 5.1 Soil and Tree Water Distillation Apparatus 
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apparatus could hold a maximum of about 450 grams of soil, 
which sometimes produced only 7 ml of water. Us ually about 
2-3 ml of the distilled water clung to the walls of the con-
denser apparatus and were irretrievable. Other problems 




samples usually produced a yellow distillate 
immiscible organic compound, probably humic 
rapidly, si 1 ty soi 1 s had a tendency to bur st 
in the flask when releasing trapped water vapor. This often 
sent silt up into the condenser, ruining the water sample. 
It was determined that soils could be heated to 250°C 
(55 volts) in most cases. Very wet soils were heated slowly 
to release vapor slowly, since excess vapor could pass 
through the condenser and out the vacuum tubing. Very dry 
soils were also heated slowly to release vapor slowly. Most 
soil samples were distilled in about two hours. 
Tree samples were more difficult to distill correctly 
than soil samples. Since tree moistures (by weight) ranged 
from 40% to 55%, it was necessary to hea t the samples slowly 
so that only a limited amount of vapor was releasecl at a 
time, since vapor can escape through the vacuum tubing. 
Tree samples taken on July 9, 1981, (samples #127-#133) were 
heated to about 250°C, which distilled water and a yellow 
organic compound. Tree samples taken July 21, 1981, (#143-
#147) were heated more slowly to a maximum temperature of 
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160°C, which rlid not distill any yellow liquid. Th is yellow 
liquid has a significant affect on the stable · s otopic con-
tant of the sample. Tree samples taken Janua ry 25, 1982/ 
(#18lc and #18ly) were distilled at low and high tempera-
tures to document the effect of the yellow compound, as is 
discussed in Section 6.2.2.3. 
5 .2. 3 Stable Isotope Sample Preservation 
In order to insure a minimum of isotopic exchange 
betwaen samples and the atmosphere, certain precautions were 
taken. Snow samples were brought back to the laboratory in 
cubitainers and transferred into glass bottles. Th is was 
done in a cold storage room (4 °C) to minimize the amount of 
water vapor present, thus minimizing isotopic exchange. Soil 
and tree samples that were distilled · in the laboratory were 
transferred into 6.5 ml, 11 ml, or 13 ml glass bottles with 
teflon-lined caps. Al 1 stable 
glass bottles, we re sealed 
parafilm, or dipped in hot wax. 
isotope samples, 
wi th e 1 e c t r i c a 1 
5.2.4 Stable Isotope Analysis 
once in 
tape and 
Of the 175 stable isotope samples taken, a total of 71 
samples were analyzed for o D/H and 0 18/16; 27 samples (20 
snow, 7 wells) were analyzed by Dr. John Hess at the Scot-
tish University Research and Reactor Centre in East Kil-
bride, Scotland. Tha remaining samples were analyzed at the 
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Department of Geosciences, Isotope Geochemistry Labo r atory, 
University of Arizona, Tucson, Arizona. St ;:i ble isotope 
analysis, in general, consists of changing th e sample into 
CO 2 or H2 gas, ionizing the gases, and measuring the dif-
ferent isotopes present by the amount of deflection as the 
ions pass through the magnetic field of the mass spectrome-
ter. Early determination of stable isotopes was done by 
very precise measurements of density of water, where it was 
not possible to differentiate oxygen and hydrogen isotopes. 
5.2.4.1 Sample Preparation. The analytical methods of 
oxygen isotope analysis differed between the two labora-
tories, although the hydrogen isotope analysis technique was 
essentially the same. 
The Scottish laboratory analyzed oxygen isotopic con-
tent by reaction of 8µ1 of water with 50 grams of guanidine 
at 260°C overnight according to the following reaction: 
The products are then heated in an ov en with H3po 4 at 80°C 
for 45 minutes, and the following react i on occurs: 
The CO 2 gas is then analyzed for 618 / Hi (Hess, 1981). This 
technique has been refined at the S.U.R.R.C. after previous 
work (Boyer and others, 19151). Six samples were prepared 
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simultaneously. The oxygen isotopic content of the co2 was 
then measured on the mass spectrometer. 
The Tucson laboratory prepared oxygen isotope samples 
by a method used in most laboratories; equilibrium of the 
water sample with co
2 
gas. This technique involved placing 
a smal 1 amount of sample water into a small vial, and freez-
ing and melting sever a 1 times using alcohol and so 1 id CO 2 
(-70"C), for the purpose of purging dissolved gases from the 
water. The sample was then injected with a known amount of 
carbon dioxide of known isotopic composition. The co 2 and 
water were then allowed to equilibrate for 24 hours in a 
25.0°C water bath. The isotopic exchange reaction is: 
( Bos t i c k , 19 7 8 ) 
The carbon dioxide gas was then removed from the container 
by a freezing and thawing process. Samples were prepared 
individually, and then measured on the mass spectrometer. 
Hydrogen isotopic content of water samples was measured 
by the same method in both laboratories. The 6 D/ H ratio 
measurement involved liberating hydrogen from a portion of 
the sample by reaction with hot uranium metal to produce 
hydrogen gas which was measured on the mass spectrometer. 
5.2.4.2 Measurement by Mass Spectrometer. The mass 
spectrometer partially ionizes the samples and accelerates 
84 
the ions produced through a magneti c field. Different ions 
have different mass and charge ratios, so the magneti c field 
produces different trajectories for the variou - ions. The 
less massive and most abundant ions ( 1 fio an d 1 H), are col-
lected over a charged plate, and the more massive and less 
abundant ions ( 18o and 2 H) are collec ted in a Faraday cage. 
Measuremen't of a sample is reported as deviation from a 
standard. Standards a re run before samples to produce a 
c alibration curve. They are run between samples to correct 
for any drift in the mass spectrometer and to check for an y 
memory developed in the mass spe c trometer. Memory oc curs 
when the mass spectrometer does not accurately count a sam-
ple because it partially "remembers" a pre v ious sample with 
very different isotopic composition. 
Standards that are used include SMOW (Standard Mean 
Ocean Water, 6D/ H = 0.0%'., 618 / 16 = 0.0%..), SLAP (Standard 
Li g ht Arc t i c Pre c i pit a t i on , 6D / H = - 4 2 8 %'., fil 8 / 16 = - 5 5 • 5 %.) , 
a n d GI S P ( G r e en 1 a n d Pr e c i p i ta t i o n Sa m p 1 e ) • Corre c tions are 
made for the presence of tritium (in hydrogen isotopi c meas-
urement), and for mixing of the sample a nd standard gases 
due to valve leakage (Muir and Coplen, 1981). 
Oxygen isotope samples analyzed in Scotland were me a s-
ured on a VG 90 3 (V .G. Micromass Limited, Winsford, 
Cheshire, England) Mass Spectrometer, which has a 90° sec tor 
magnetic:: field of 9 cm radius c reated by a permanent magnet. 
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Reported accuracy of the guanidine method of oxygen - sample 
preparation on this spectrometer is ±0.3%;,. This accuracy 
band will become smaller as the inaccuracies ar e worked out 
in the new spe~trometer, the VG903. 
era bl y less time consuming than the 
method. Deuterium samples analyzed 
This method is consid-
water-co2 equilibrium 
in Scotland were meas-
ured on a · VG fi02 Mass Spectrometer, which has a 6 cm radius, 
9 o· sector created by a permanent magnet. Reported ace ur acy 
is ±0.5%... 
Both oxygen and hydrogen isotope samples analyzed in 
the Tucson laboratory were measured on a VG 502C mass spec-
trometer. Reported accuracy was ±0.2%-o for oxygen, and± 3. ~o 
for hydrogen. Note that the oxygen confidence band from the 
Tucson lab is slightly smaller than the Scotland laboratory, 
since the analytical method in Scotland is still experimen-
tal. However, the hydrogen band is considerably larger for 
the Tucson laboratory. 
There appears to be a discrepancy in reported values 
from the two laboratories which is grea t er than the stated 
accuracy. The three sam l ('DRl, t DRlA, ~DRlB), from 
another isotope study (Ingraham, 1981), sent to both labs 
indicated a regular difference between the laboratories. 
The Scotland laboratory reported deuterium values averaging 
7.2 ± 3.0%-omore depleted (negative) than ' the Tucson labora-
tory, and oxygen values .88 ± .82%-o more depleted than th e 
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Tucson laboratory. The confidence band represents the stan-
dard deviation of the three samples. It is unknown why the 
discrepancy exists. Samples were analyzed wit h i n six months 
at both laboratories, so fractionation during storage is 
probably not the cause of the difference. 
5.3 TRITIUM ANALYSIS 
5.3.1 Introduction 
A total of fifteen samples were analyzed for unenriched 
tritium (detection limits of 50 TU), and eighteen samples 
for enriched tritium (limits of 5 TU). Of were analyzed 
these samples, four were modern precipitation samples, tw.:> 
were stream samples, one was a tree sample, and the remain-
ing were samples from wells and springs. All samples were 
analyzed at the Desert Research Institute Analytical Labora-
tory in Reno, Nevada. Most samples were collected in one-
liter glass bottles, although some were collected in 125 ml 
bottles. Since approximately 250 ml of water is needed to 
analyze for enriched tritium, the 125 ml samples had detec-
tion limits of 10 TU instead of 5 TU. 
5.3.2 Analysis Method 
The procedure used for determination of tritium in 
water by enrichment consisted of distilling the sample, fol-
lowed by slow electrolysis at a constant temperature which 
evaporated the hydrogen and left tritium to be measured by a 
87 
scintillation counter. Unenriched tritium samples were 
counted for tritium activity in the scintillation counter 
without enrichment. 
The procedure for tritium enrichment used was modified 
after Johns (1975) and has detection limits of about 5 TU. 
This proc~dure consists of first distilling 300 to 500 ml of 
sample water until the distillate has a conductivity below 
50 umhos/cm. 100 ml of the distilled sample were then added 
to a electrolytic cell, and one gram of sodium hydroxide was 
added to reduce corrosion of electrodes. Electrolytic cells 
were then 
one "dead" 
put into a constant 
water (0.0 TU) and 
temperature bath along with 
two standards (100 TU and 
10,000 TU). A current of 
vol ts was then applied to 
and boiled off hydrogen 
3 amps and 
each eel 1. 
until about 
a po t en t i a 1 o f 2 • 7 
Sam pl es electro 1 yzed 
50 ml of sample 
remained. Cells were refilled, and this process continued 
until all 200 ml of each sample had been put into the cells. 
Electrolysis was then continued for a week until the volume 
decreased to 25 ml. n-ie current was then decreased to 0.3 
amps, and the electrolysis continued until the volume 
decreased to 7-8 ml. This took approximately four weeks. 
Carbon dioxide was bubbled through the remaining fluid 
to neutralize the sodium hydroxide. Since the solution was 
somewhat opaque from dissolved solids, samples were then 
distilled over a liquid nitrogen trap, similar to the cold 
finger condenser described in Section 5.2.2. 
ml of sample water is needed for counting. 
Samples, dead water, and standards are 
counting. Liquid scintillation cocktail is 
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A total of 5 
now ready for 
added to each 
sample, and several blank samples, which contain scintilla-
tion cocktail and dead water. All vials are placed into the 
scintillation spectrometer and allowed to dark-adapt for 
24-36 hours before counting. Blank samples are placed in 
between each standard and sample. 
Vi a 1 s a re now counted for 50 mi nut es each, and counted 
10 to 12 times. The activity of the tritium in each vi a 1 
causes the scintillation cocktail to fluoresce, and a 
specific wavelength is c ounted by the spectrometer. Mean 
and standc1rd deviation of the counts of each sample, stan-
dards, and blanks are then calculated. A c alibration curve 
of counts versus tritium units is calculated from the stan-
dards, and sample tritium units are 






Sample tritium= [Counts(sample)-Counts(blank)l t 
[Standard deviation(sample)-Standard deviation(blank)] 
This subtracts out the activity of the scintillation 
cocktail from the reported tritium level of a sample. The 
sample standard deviation averaged± 5 TU. By enriching more 
[ 
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water and using a different counting method {Nehring, 1980), 
the standard deviation can be as low as ± .2 TTJ. Over al 1 
process efficiency is represented by the fractio nal counting 
efficiency, which is consists of the measured tritium counts 
of the standards divided by theoretical tritium counts of 
the standards. Fractional counting efficiency averaged about 
20% for all samples. 
5.4 CARBON ISOTOPE ANALYSIS 
5.4.1 Introduction 
Analysis of the age of groundwater by use of carbon 
isotopes involves collection of enough water to precipitate 
two grams of carbon as Srco 3 , which is the minimum needed to 
measure carbon-14 activity and 6Cl3/12t~ 
The volume of water needed to precipitate a minimum of 
two grams of carbon can be calculated by: 
Volume{liters) = [10,000mg co3i ;r Hco3+co3in ppml {IAEA, 1971) 
The formula assumes that to produce two grams of carbon, ten 
grams (10,000mg) of carbonate are needed. i:n this study, 
wells were first sampled and analyzed for carbonate content, 
then resampled for carbon isotope analysis. About 30% more 
water than the minimum necessary was collected, to insure 
precipitation of enough carbon. 
.. 
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5.4.2 Carbonate Precipitation 
The procedure used for precipitation of c c. r b onate from 
samples consists of placing the sample water into a con-
tainer sealed from the atmosphere, raising the pH to convert 
bicarbonate species to carbonate species, then addition of 
strontium . chloride, to precipitate Srco
3
• 
The apparatus used to precipitate carbonate consists of 
a four foot high stainless steel funnel which holds a max-
i m um o f 67 g a 11 o n s ( 2 5 3 1 i t e r s ) • The funnel rests on a 55 
g a 11 on st e e 1 drum . The top of the funnel has a foam seal 
and a large piece of plexiglass as a lid 
The plexiglass has a central hold which 
(see Figure 5.2) . 
through which a 
shaft and two propellers are attached. 
solution is done via a hand-crank drill. 
Agitation of the 
Other holes in the 
lid are for supplying nitrogen pressure for evacuating air 
from above the water, a hole for air escape, and a hole for 
supplying chemicals. 
The bottom of the funnel has a three inch diameter 
valve modified so that a two liter bot t le can be attached 
below the valve for collection of precipitate. The bottle 
can be removed by closing the valve. The bottles are made 
of linear polyethylene, necessary to reduce co 2 exchange 
between the sample and the atmosphere. The precipitator was 
designed and built by Neil Ingraham (1982) and the author, 
adapted after Winograd (1971). 
, 
----Chemical drip tor SrCl2 
....---<.hNl6c:aJ Input 
Copper Tub---~"'-'\ 
tor * Meape 
pH Paper---__.,,......_ 
55 Gallon Dru111 
c11t on to• and aide 
3 Inch dla-.tar·-------+-
Slide Vahle .._.iilt:;:;!;:;::;;~ 
2 Liter Linea---+----+-...... 
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Figure 5.2 Carbonate Precipitation Apparatus 
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The procedure for precipitation consists of first 
slowly filling the precipitator with sample w ter with a 
minimum of agitation. The plexiglass lid is then installed 
and nitrogen pressure is applied to remove air from inside 
the precipitator and minimize co 2 exchange of sample with 
air. Since nitrogen is applied above the sample, it is not 
necessary to fill the precipitator to the top of the funnel. 
Two chemicals are needed for precipitation: 
(1) A 6N,carbonate-free, sodium hydroxide solution. 
This is prepared by using boiled, distilled, deion-
ized water to remove carbonate. A small amount of 
t~e SrCl? solution is added to precipitate out any 
carbonate left, and only the clear NaOH solution 
is siphoned into cubitainers. 
(2) A strontium chloride solution. 'n"lis is 
prepared by dissolving 454 grams of SrCl ~H o in 
one liter of d i stilled, deionized water. igain, a 
small amount of NaOH solution is added to precipi-
tate any remaining carbonate, and the clear super-
natant solution is siphoned into cubitainers 
( adapted after Pearson, 1970). 
Approximately 500 ml of the NaOH solution is added to 
raise the pH of the water to 12, converting virtually all 
carbonate species to carbonate. The pH is checked with pH 
indicator paper attached to the air escape tube. About 1000 
ml of the SrC1 2 solution is then added and the following 
reaction takes place: 
Co -2 +2 3 + Sr <> Srco 3 
precipitating strontium carbonate, which falls down the fun-
nel into the sample bottle. If precipitation does not take 
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place immediately, 5 grams of FeS0 4 •7H 2o are added, which 
causes the formation of coarse agglomerates on wh ich Srco 3 
crystals can grow, thus speeding the settlement. Another 
author (Nehring, 1980) suggests adding a few grams of cad-
mium chloride, which precipitates H2s and acts as a floccu-
lating agent. This should be added before the NaOH and 
SrC1 2 solutions. 
Samples were allowed to precipitate for 8 to 24 hours, 
with the funnel being stirred every 2-3 hours. Aclditional 
SrC1 2 solution was added every few hours to check if all 
Srco 3 had precipitated. When precipitation was completed, 
the valve at the bottom of the funnel was closed, and the 
precipitate removed. This size precipitator can hold enough 
water to precipitate two grams of carbon from samples with a 
bicarbonate content as low as 40 ppm. In addition, by sim-
ply closing the valve, and siphoning off the water and 
reprecipitating more water, much lower carbonate content c an 
be sampled. 
~.4.3 Analysis Method 
All seven carbon isotope samples were sent to Teledyne 
Isotopes, Westwood, New Jersey, for analysis of carbon- 1 4 
activity, and c C13/12. 
Preanalysis treatment of the samples involved filtering 
off the strontium carbonate and drying. After pretreatment, 
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CO 2 is generated from the carbonate samples by acidifica-
tion. The CO 2 is then purified in a vacuum sys t~ rn to remove 
halides, sulfur compounds (such as FeS0 4 ), oxides of nitro-
gen, and electronegative species which affect the counting 
characteristics of the gas. Radon is extracted routinely 
and the purified CO 2 is ready for counting (Teledyne Iso-
topes, 1981). 
Actual radiometric measurement is made by proportional 
counting of the co 2 gas housed in a twenty-ton lead and 
steel shield. sample purity is monitored by noting the 
counting characteristi c s of an external gamma radiation 
source at low voltage. All samples were counted for about 
1000 minutes each time (Currie, 1972), and counted two to 
three times to eliminate the possibility of error due to 
traces of residual contamination by radioactive radon gas, 
and to produce greater precision and sensitivity. Data are 
reported as deviation in parts per thousand from the oxalic 
acid standard. 
All samples were also analyzer.J for 6Cl3 /1 2, which is 
done by use of a mass spectrometer with a technique similar 
to oxygen and hydrogen stable isotope analysis, as described 
in Section 5.2.4.2. The oCll/12 reproducibility is about 
±0.7%o (Fritz, Suzuki, Silva and Salati, 1981). 
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CHAPTER f1 
RESULTS AND DISCUSSION 
6.1 CHEMISTRY OF PRECIPITATION 
6.1.1 Stable Isotope Chemistry 
Snow Samples taken in April, 1981, along a west-to-east 
path down Ash Canyon are plotted as 6D/H versus 618 / 16 in 
Figure 6.1. The seventeen snow samples profluce a strai g ht 
line equation of: 
6 D/ H = [6.03±1.27) 618 / 16 - [14.02±20.3), with R2 .86 
which indicates correlation at the 5% signifir,ance level. 
The uncertainties of the slope and intercept are based on 
95% confidence limits. The 95% confidence bands plotteo on 
the graph sh o w that the samples are not too erratic. Since 
the slope is statistically less than 8, at the 5% signifi-
cance level, the pre-:::ipitation probably oc curs under none-
quilibrium conditions. A slope of less than 8 could also 
indicate that some of the water in the c louds is water eva-
porated from land surfac @B. The slope of 6. 03 ± 1. 27 
observed is similar to the slope of 5.80 observed in Dixie 
Valley, Nevada (Ingraham, 1982), approximately 100 miles 
east of Eagle Valley. 
Plots of elevation v ersus deuterium (Figure 6.2) and 
elevation versus 618 / 16 (Figure 6.1) show a definite 
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depletion of heavy isotope's with increasing elevation. This 
is contrary to two previous studies which co n<"!i uded that 
there is no elevational control of isotopes on the east 
slopes of the Sierras (Friedman and Smith, 1970; Smith, 
Friedman, I<lieforth, and Hardcastle, 1979). Slopes obtainect 
are 6 D/H = -9.90%-o /1000 ft (R 2=.55) and 618/lli = -1.48%'./ 
1 O O O ft ( R 2 = • i; 9 ) , wh i c h i n d i c a t e th a t r e g u 1 a r i so to pi c fr a c -
tionation can occur on the leeward side of mountains . Both 
slopes show cor relation at the 5% significance level. These 
values are reasonable co mpared to other stud i es; the west 
slope of the Sierras have an isotopic slope of 6 D/ H - 12%./ 
1000 ft (Smith, Friedman, Klieforth, and Hardcastle, 1979), 
and a study in Italy (Fritz and Fontes, 1980) observed 
6 18/16 = -l.'1%-. /1000 ft (see Section 3.2.3 ) . Also plotted on 
isotopic elevational shif t graphs are 95% standard and 
hyperbolic confidence bands; the hyperbolic bands are used 
when the ordinate is used to predict the abscissa (Yevje-
vich, 1972). The hyperbolic bands show that near the center 
of mass of the data, the co ntrol is better, whereas near the 
ends of data the confidence band is much wider. Deuterium 
95% hyperbolic confidence band is ±350 ft at best; the oxy-
gen 95% hyperbolic confidence band is ±300 ft a~ best. 
These isotopic data are based on one sampling season , 
the 1980-81 winter, which was warmer and had less precipita-
tion than average (about 60% of normal). To get some idea 
of what the average isotopi c values should be, the 
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temperature difference between the year sampled and the 
average year must be known. Data for the av <!rage monthl y 
temperatures from four stations for the last 30 years fi n 
Section 2.2.2) indicate that the 1980-81 winter season 
(October to May) was 2.65°F (l.47°C) warmer than the aver-
age. Referring · to Figure 3. 2, temperature verses 0 D/ H or 
018/16 , using the solid-liquid (precipitatio~ line, one can 
estimate how much change l.5°C would have on isotopic compo-
sition. Isotopic values for the average, corrected for the 
temperature change are: 
0 H oD H 6 a l 1 
(feet) Cl3 SERVED THEORETICAL OB SERVED THEORETICAL 
0 - 22. 
8000 -1 11. -1 24. -1 6. 2 -1 7. 8 
7000 -1 0 2. -115. -1 4. 8 -1 6. 6 
6000 -9 2. -1 05. -1 3. 2 -1 4. 7 
In other ~rds, average ( theoretical) o D/ H values 
would be about 13%o more depleted, and 018 / 16 would be about 
1. 6%.. more depleted thar, the values observed in the 1980-8 1 
year. 
In an attempt to ch e c k d ifferent sample handling tech-
niques, one sample (157) was filtered through a sma l l brass 
screen to remove dirt (analyzed as sample 1172), while 
another sample (#159) was filtered through a .45p millipore 
filter (analyzed as sample #73). In bo t h ca s e s , f i 1 t r a t i o n 
resulted in a -0.8%-. shift for oxygen-18, while deuterium 
essentially did not shift. This indicates that oxygen 
~----------------- -----------------~----
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isotopes are probabfy more sensitive to fractionation by 
sample handling than deuterium, so one shoulct not filter 
melted snow ~samples since it will produce dn isotopic 
ch.ange. 
6. 1.2 Radioisotope Chemistry 
Tritium values in precipitation from the closest avail-. 
able location, Las Vegas, are shown in Figure 3.3. This is 
used in Section 6. 5. 5.1 to approximate the age of the 
grounrlwater in the Eagle Valley. Four samples of precipita-
tion, anrl two stream samples were taken in the 1980-81 year 
in Eagle Valley. Tritium levels of precipitation in the 
Carson Range were 34 ± 5 TU at 9214 ft, 21 ± 4 TU at 8250 
ft, and 21 ± 4 TU at 725 ~ ft. A snow sample from 7330 ft in 
the Virginia Range north of Carson City contained 37 ± 5 TU 
( t r i t i um d a t a i s i n Ap pend i x 3 ) . These precipitation sam-
ples s ugge st that tritium in Eagle Valley is almost down to 
natural pre-bomb tritium levels of 5-20 TU (Payne, 1972). 
6.2 CHEMISTRY OF INFILTRATED WATER 
6.2.1 Major Ion Chemistry 
Chloride and electrical conductivity analyses were per-
formed on snow samples taken in April, 1981, and on soil 
water samples taken in Ju ne and July, 1981. Results are 
shown in Table 6.1. Percent recharge to the soil zone for 
samples from each elevation zone was calculated using the 
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ELEVATION SNOW * LYS. WATER+ % RECHARGE 
(ft) Cl(ppm) EC Cl(ppm) EC Cl EC 
8500 0 . 2 18 . 9 0 . 4 65.3 
0.3 61. 8 60 . 30 . 
0 . 3 63 . 0 
8000 0 . 1 17. 2 0 . 9 101.0 11. 17. 
7500 0.1 9 . 8 2 . 5 160.0 4.0 6. 1 
7000 0 . 1 12.6 9.0 253.0 1.1 5 . 0 
6250 0 . 4 15.6 5.1 393 . 0 1. 8 4 . 0 
* Snow samples taken 4-14-81 
+ Lysimeter water samples taken 6-11 , 6-25 , 7-9-8 1 
Table 6.1 Chloride and Electrical Conductivity Data 
PERCENT SOIL ZONE RECHARGE 
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Figure 6.4 Percent Potential Soil Zone Recharge 
versus Elevation 
10 3 
formula from Section 3.1. The percent recharge versus 
elevation for the 12 samples is shown graphica l 1y in Figure 
6. 4. This is used in conjunction with planimetered eleva-
tion zones and precipitation data (Table 6.2) to produce 
Figure 6.5, an estimate of the volume of potential soil zone 
recharge from different elevation zones, assuming no direct 
runoff. Figure 6.5, shows that the greatest amount of water 
c om e s f r om the 8 5 0 0 f t e 1 e v a t i o n zo n e • Summing up the 
volumes in ea c h elevation zone gives a total annual recharge 
in the Carson Range of 4000 acre-ft, or 8.5% of annual pre-
cipitation, close to the official estimate of 6500 acre-
ft/year for all Eagle Valley (U.S. Geological Survey, 1981). 
Using the chloride concentration change from snow (0.1 ppm) 
to groundwater in Eagle Valley (1.2 ppm), the total annual 
rec:harge is estimated at 3900 acre-ft, or 8. 3% of annual 
precipitation. These estimates are less than the recharge 
estimate of 8500 acre-ft / year, or 15% of annual pre~ipita-
tion for the Carson Range calculated by Worts and Malmberg 
( 1966) . This discrepancy is discussed further in Section 





elevation can be calculated by: 
each zone) (elevation)/~[volume 
recharged in each zone] = weighted average recharge eleva-
tion. The average recharge elevation is approximately 7950 
ft. This indicates that high elevations are very important 
as potential recharge areas, and should not be altered. 
104 
AREA {ft 22 
VOLUME 
ELEVATION ZONE {fq PRECIP {ft2 7.llECHARGE REClWlGED ~FT32 
9000 8750 9250 7 2.92 0.53 - 2. 235xl07 35, 6.d06 8500 8250 - 8750 7 .127xl07 2.67 0.30 7.l xl06 8000 7750 - 8250 8 . 42lxlo7 2 . 46 0 . 15 31.lxl06 7500 7250 - 7750 10.45xl07 2.17 0 . 05 11. 4xl06 7000 6750 - 7250 11 . 47xl07 2 . 04 o . os 11. 70x106 6500 6250 - 6750 11 . 67xl07 1.83 0.03 6.42xto6 6000 5750 - 6250 15.48xl07 1. 60 0 . 02 4.96xlo6 5500 5250 - 5750 26.52xl07 1. 33 0 . 02 7.02xto6 500() 4750 - 5+50 26.68xl0 1.17 0 . 02 6 . 24xl0 
to~al 171.Sxl0 6 ft) 
") [' 4000 acre-ft / year 
Table 6.2 Potential Recharge Data 
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A significant amount of recharge to the aquifer is 
probably from stream channel infiltration at J o -..,er eleva-
tions, so precipitation at higher eievations eventually 
discharges to the stream either by direct runoff or soil 
zone inter flow. Therefore, soil zone recharge calculations 
are somewhat inaccurate due to additional evaporation in the 
stream channel, and these recharge c alculations should be 
considered potential recharge. 
6.2.2 Stable Isotope Chemistry 
6.2.2.1 Snow to Lysimeter Water. In an attempt to mon-
itor the amount and timing of recharge, five lysimeters 
installed from 8500 ft down to 6200 ft in Ash Canyon were 
monitored from May, 1981, until May, 1982. The lysimeter 
site at 8500 feet provided a good estimate for the timing of 
recharge. This site is in a meadow, a local discharge area , 
presumably from recharge at elevations from 8500 to 9200 ft. 
An open hole dug to a depth of three feet next to the lysim-
eter showed the water le v el at the ground surface from May, 
19131, until late August, 1981, indic a ting that local 
discharge in the meadow took at least several months after 
r. omplete melting of the snow, which had occurred by the end 
of May. The water level in the open hole gradually declined 
to 18 inches below ground level by late September. By this 
time, the volume of water obtained in the other lysimeters 
had also declined. 
1 0 6 
Monitoring of the lysimeters in late November, January, 
March, and April showed that, although the soil b eneath the 
snow was not frozen, infiltration was probably very small, 
since the lysimeters had little or no 
was not very moist. By March, 1982, 
water, and the ground 
the ground at lower 
elevations (7500 ft and below) was becoming increasingly 
saturated, with seeps at 7500 ft. By April, the ground was 
saturated at the lysimeter located at 8000 Et. 
In conclusion, it appears that recharge may occur 
year-round since the ground is not frozen, but it definitely 
occurs beneath snow pack in the spring 
in permafrost areas in canada showed 
under ice, since tritium was found 
and summer. 
that seepage 




meters below the ground surface (Fritz and Fontes, 1980); 
therefore, infiltration could occur year-round, albeit at a 
reduced rate in the winter. 
Water infiltrating into the soil zone beneath snow will 
shift isotopically over time toward a heavier (enriched) 
composition, as the melting snow evaporates and infiltrates. 
This is illustrated by Figure 6.n in which the isotopic 
enrichment of snow samples over time are plotted against 
lysimeter samples. Notice that the lysimeter water composi-
tion (#95, #119) is in between the original snow isotopic 
composition (~58) nnd evaporated snow (#75, #95), indicat-
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continuously recharged from the snow. For example, lysime-
ter sample t91S was sampled at the same time as s now sample 
195 and is isotopically lighter, which suggests it was 
recharged earlier than the overlying snow. 
Equation 3, derived in Section 3.4.1, which assumes 
equilibrium evaporation, was used to calculate the total 
potential recharge from snow sample 158 (sampled in April, 
1981) to lysimeter sample t95 , ed = 0.98 for cleuterium, and 
0°"= 0.996 for oxygen-18. These values are unusually high co m-
pared to values of recharge calculated with electrical con-
cl UC ti Vi t y ( 0 = 0 • 3 0 ) • 
Using only the Rayleigh distillation formula for eva-
po r a t i o n one n e e d s to kn o w a . 
perature data from Mt Rose Bowl 
Using average monthly tem-
(8250 ft, Appendix 5), for 
May, 1981, T = 6.l°C, one can then use Figure 3.1 ( a~and a.,. 
verses temperature) to estimate ad= 1 .104, and a.,= 1.1011. 
Using these values in the Rayleigh evaporation equat io n, 0d= 
.814, and e.,."' .7fi4, which are much more reasonable values; 
about 80% of the snow remained, 20% evaporated. 
Since the combined Rayleigh/ mass balance equation did 
not work, the fault must lie in the mass bala·nce equation. 
Note that both of the above equations assume Rayleigh condi-
tions with equilibrium evaporation, which is not usually the 
case in nature. Unfortunately, the Rayleigh equation is the 
closest approximation available. 
--
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A plot showing the isotopic shift from snow to lysime-
ter water is shown in Figure 6.7. Note tha t the slopes 
dee rease from 4. 1 at 85 00 ft to 1. 9 at 75 00 ft, and then 
become negative. The negative slopes for 7000 and 6250 ft 
imply depletion of deuterium, an impossible situation for 
ev a po ration. Possible reasons for this include: l) when 
snow samples were taken in April, 1981, snow was patchy 
below 7200 ft, so snow at low elevations had al ready melted 
and evaporate d ; 2)groundwater samples at lower elevations 
may represent water infiltr;ited at higher elevations. The 
decrease in slopes from 4.1 to 1.8 to 1.9 as elevati o n 
decreases from 8500 to 7500 ft m;iy be due to faster evapora-
tion at lower elevations, which produces lower slopes (see 
Section 3.2.4). This is a reasonable conclusion, since 
lower elevations are warmer. 
The isotopic enrichment from snow to lysimeter wat e r 





































elevations do not appear to have a lower percent recharge, 
w h i c h i s co n t r a r y to th e us u a 1 a s s um pt i o n . Se c on d , a t th e 
7000 ft and 6250 ft elevations, cal c ulations indicate 
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inaccuracy, since recharge is over 100%. As discussed ear-
lier, it may be that the snow or lysimeter w-,t er is not 
indi~ative of that elevation. 
6.2.2.2 Lysimeters. Figure 6.8 (Soil Water 6 D/H versus 
Elevation) and Figure 5.9 (Soil Water 6 18/16 versus Eleva-
tion) reveal several characteristics. First, the 6 D/ H iso-
topic shift is very regular (R 2 = 0.99, samples signifi-
cantly correlated at the 5% level), and it appears that dis-
tilled soil samples are of similar hydrogen isotope composi-
tion as lysimeter water samples. However, the lysimeter 
isotopic trend indicates depletion at lower elevations, the 
opposite trend indicated by snow and most other isotope stu-
dies. The deflection is probably caused by lysimeter loca-
tions: they were in a canyon with some lysimeters in 
springs, so the water could be derived from higher elevation 
snow- melt. In theory, lysimeters along a ridge 1-JOuld be 
more likely to sample snow-melt from the same elevation. The 
soil water trend could also indicate isotopic exchange with 
water vapor in the air at lower elevations, which would 
deplete lower elevation soil water compositions. 
Figure 6.9 ( 6 18/16 versus Elevation) shows an isotopic 
trend with elevation which exhibits fair correlation (R 2 = 
0.78, samples are not 
level) • In this case, 
significantly correlated 





fractionated compared to lysimeter oxygen isotope samples. 
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This means that oxygen isotope fractionntion occurs in the 
unsaturated zone or in the soil distillation appr r a tus (more 
so than de u t er i um) • Oxygen isotopes are also depleted with 
lower elevation, as is deuterium. 
The soil samples were distilled at approximately 260"C, 
a temperature which vaporizes all soil water, clay-lattice 
water, and possibly some organic compounds known to be part 
of soil, such as fulvic acid, humin, humus, and humic acid 
(Bohn, McNeal, and O'Conner, 1979). Organic matter in shal-
low soi ls i s usually about 0.5 to 5.0% by weight. These 
organic compounds may assimilate some oxygen from the atmo-
sphere, which has a fil8/16 of +41%-o. Therefore, if organic 
compounds were ctistilled with water, the net effect would be 
enrichment of the oxygen isotopic value of the sample, as 
was observed. This phenomena was not investigated further 
in soil water, but was investigated with tree water samples, 
discussed in the next sec tion. 
6.2.2.3 Tree Water. Analyses of the stable isotope 
composition of tree xylem water are presenteci in Figure 6.10 
( iS D/H versus e leva tion) and Figure 6 .11 ( 618/16 versus 
elevation). The data and types of trees sample.d are listen 
in Appendix 2. The species of trees sampled were Jeffery 
pine (Pinus jeffreyi) Ye 11 ow pi n e ( P i n us pond e r o s a ) , and 
Lodgepole pine (Pinus contorta) Referring to both graphs, 
one notes that tree samples are identified as distilled 
I 
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clear, light yellow, or yellow. The color of the distilled 
liquid is directly related to the maximum te;ri oe rature to 
which the wood chips were heated in the distillation 
apparatus. Clear samples were heated slowly to a maximum of 
15O°C (40 volts), light yellow samples were heated to 19O°C 
(45 volts), and yellow samples were heated to 25O°C (55 
volts). The length of time taken to distill samples also 
affected distillate color; samples heated for more than five 
hours even at lfiO°C would turn yellow. The yellow immis c i-
ble fluid is probably an organic compound ( s) which has a 
" higher boiling point than water, which distills to a greater 
extent at a higher temperature. The amount of yellow fluid 
in a sample has a dramatic effect on the isotopic ratio of 
samples. 
Referring to Figures 6.10 and 6.11, deuterium annlyses 
show that yellow samples are somewhat enriched isotopically 
compared to clear samples; whereas 0 xygen isotope analyses 
show yellow samples as significant l y enriched compared to 
clear samples. To test the hypothesis of the yellow liquid 
changing the isotopic com po it ion, one sample was distilled 
clear (#181C) and yellow (# 181Y). Deuterium analyses of 
both samples indicate the same isotopic ratio within analyt-
ical error, but oxygen isotopic analysis revealed that the 
yellow sample is significantly enriched (+3.3%-. ) compared to 
the clear sample. Therefore, only clear samples were used 
to correlate tree xylem water with elevation. 
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The isotopic shift produced by the yellow liquid is 
associated with the synthesis of the organic compo und in the 
tree. Carbon-13 (a stable isotope) fractionation during 
photosynthesis has been observed (Osmond, 1981), so one 
might hypothesize that oxygen isotope fractionation could 
also occur during an organic reaction. Another possibility 
is that some of the oxygen in the organic compound is from 
plant cellulose, which uses co 2 from the air. Atmospheric 
CO 2 has a 6 18/16 of +41%-'o, thus some yellow compound mixed 
with xylem water would significantly enrich the oxygen iso-
topic composition as observed. 
Referring to clear samples U47 (6250 ft in Ash Canyon, 
Jeffery Pine), #125 (6400 ft in Clear Creek Canyon, Yellow 
Pi n e) , and U 81 C ( 6 4 0 0 ft in Cl ear Cr eek Canyon , J e ff er y 
Pine), it appears that: the same species of tree in dif-
ferent canyons in the same mountain range (181C, 147) have a 
different isotopic composition; and trees in the same area 
( 1 2 5 , 1 8 1 C ) a 1 so h av e d i f f e r en t i so to p i c com po s i t i o n s . This 
implies either different sources of water or isotopic frac-
tionation. M::> re samples are needed in order to reach a 
valid conclusion. 
To remove as many variables as possible affecting tree 
water, only clear tree samples in Ash Canyon were correlated 
with elevation. This results in a 
tion for deuterium in Figure 6.10 
reasonably good correla-
(R2 = 0.71, samples were 
119 
significantly correlated at the 5% level), and a poor corre-
lation for oxygen isotopes in Figure 6.11 (R 2 :- ,J .46, sam-
ples were not correlated at the 5% significance level). 
There is a very close correlation in isotopic composi-
tion between clear tree water and lysimeter water in Ash 
Canyon (Figure 6.12 for 60/H, and Figure 6.13 for 618/16). 
One concludes that trees do not fractionate soil water taken 
in by the roots. It would be possible, therefore, to use 
tree water instead of lysimeter water for evaporation cal-
culations. One advantage of sampling trees instead of 
lysimeters is that with trees one might be sampling a 50-
year average of infiltrated water, rather than a single part 
of one year as sampled with lysimeters. 
To estimate the age of tree water, ten tree cores were 
taken from a Jeffery Pine in Clear Creek Canyon (same tree 
as sample 181). This tree is approximately fifty years old, 
based on similar sized trees cored and dated in Ash Canyon 
by the U.S. Forest Service. '!he tree water was analyzed at 
33.() ± 10.4 TU, where precipitation in the area is 21 to 34 
± 5 TU. '!his first appears to sugges t that the tree con-
tains modern water, which was the same conclusion reached in 










phreatophytes, and they concluded that the trees contained 
no more than a two to three year average of water due to 
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migration of water between the xylem and phloem. 
However, the tritium levels may represent a SO-year 
average of yearly tritium inputs. Using decayed tritium 
valu-es in precipitation for the past 28 years (Figure 3.1), 
and using 3 TU for the previous 22 years before 1953, the 
average tritium value for fifty years calculates to 40.2 TU. 
Therefore, 33. TU for the tree could represent modern levels 
or could represent a SO-year average. A tree would have to 
be cored vertically down older tree rings to restrict sam-
pling to a 5-10 year core to determine the age of tree 
water. 
By sampling tree xylem water, a number of conclusions 
have been reached, based on a limited number of samples: 1) 
tree xylem water is similar isotopically to soil water at 
the same location (trees do not fractionate soil water); 2) 
tree or lysimeter samples should be taken along a ridge to 
avoid sampling soil water that is from a higher elevation; 
3) tree and soil water samples must be distilled at 160°C or 
lower to avoid distilling organics which will alter the dis-
tillate isotopic composition; 4) sampling different species 
of pine trees may affect isotopic composition; .5) tree sam-
ples in different canyons at the same elevation have dif-
ferent;. isotopic composition, possibly indicating different 
flow paths; and 5) tritium dating of tree xylem water could 
indicate 
composite. 
modern water or a SO-year av er age tritium 
12 3 
n.2.3 Radiocarbon Sampling in Recharge Ar p. as 
Three carbon-13 samples were taken from lysimeters in 
Clear Creek Canyon at 7200 ft, 6400 ft, and 6000 ft. The 
carbon dioxide level in each lysimeter was measured with 
Draeger gas indicator tubes. Soil zone co 2 levels were 
0.5%, 0 .35%, and 0.6%. These high levels indicate root 
respiration, since CO 2 in the atmosphere is about 0.013%. 
The average PC 02 in agricultural soils is 10 to 100 times 
atmospheric co 2 , or 0.3 to 3.0% ( Bohn, McNeal, and O'Connor, 
1979), indicating the PC 02 measured at the three lysimeters 
are reasonable values. The lysimeter at 6400 ft was also 




Analysis of these samples did not produce modern 
Cl3 / 12 since Sr(OH) 2 precipitated instead of 
11.3 STREAMFLOW IN RECHARGE AREAS 
The method by which water in recharge areas reaches the 
groundwater system in the valley is th4ough a combination o f 
infiltration, then interflow, baseflow, and 9verland flow 
toward the stream channel, and infiltration to the aquifer 
at lower elevations. Deep percolation or fracture flow to 
the aquifer from recharge areas is also a possible contribu-
tor to recharge. Computer model ing of water flow on a 
12 4 
convex hillslope (Freeze, 1972) indicates that overland flow 
and some subsurface flow (interflow) contribute to stream-
flow. The amount of interflow depends upon the soil 
hydraulic conductivity. The result of Freeze's work is that 
subsurface flow other than baseflow can play a major role in 
generating surface runoff if the conductivity is large. 
Interflow of infiltrated water in the source area and 
discharge to t he stream channel by interflow have been 
observed in Ash Canyon and Clear Creek Canyon. At 85 00 ft 
in Ash Canyon, in the large meadow previously discussed, is 
a local discharge area. Several small springs flow into the 
creek until Fall, long after the snow (recharge water) has 
melted. A similar local discharge system is seen at 5500 ft 
in Clear Creek Canyon where a large marshy area contributes 
to the base flow in the summer and fall. 
Along Ash Canyon Creek channel, from 8200 ft to 8000 
ft, there are four small springs. From 7800 ft to 7000 ft 
i n As h Ca n yo n , the can yo n s 1 o pe i s co n s i d e r ab 1 y <J r ea t e r , 
which would increase the likelihood of springs. Of special 
interest is a horizontal row of six springs at 7440 ft, all 
within 1000 feet of each other. These may indi~ate a fault, 
although no faults are mapped in the Ash Canyon near this 
location (Trexler, 1977). 
Stream gaging and sampling were done on Ash Canyon 
Creek in August, 1981, and January, 1982, to try to estimate 
12 5 
evaporation and separate streamflow groundwater input from 
phreatophyte use. Several trends are indica ';.ec by the 
.a.ugust, 1981, stream gaging (Figure 6.14). For example, 
below 7800 ft, the stream loses flow. Total loss along the 
c ha n n e 1 i s 0 • 0 4 c f s be t we en st a t i o n s 3 a n d 4 , 0 • 1 7 c f s 
between stations 6 and 7, and 0. 27 cfs between stations 8 
and 9, or 0.48 cfs in 2.4 miles or 0.2 cfs/mile. This loss 
could be due to infiltration into the alluvium, evaporation, 
and/or phreatophyte use. 
The electrical conductivity from the August stream gag-
ing shows a very regular trend increasing from 82.8 umhos/cm 
at 8150 ft to 131.9 umhos/cm at 5290 ft (conductivities nor-
malized to 25.0°C) This could be from evaporation, ion 
increase from groundwater inflow, or dissolution of rock. 
Us i n g a ma s s b a 1 a n c e a ppr o a c h , one c a n ca 1 c u 1 a t e i f a s 1 ug 
of water loses water but retains the same number of ions. 
Between stations 8 and 9, the conductivity remained essen-
tially the same (130.0 to 131.9 umhos/ cm ) , while the flow 
decreased from 0.89 cfs to 0."i2 cfs. The conductivity at 
site 9 would have to be 187 mhos/cm fo r the flow change 
caused entirely by evaporation; therefore, conductivity 
trends suggest stream loss is not by evaporation. In addi-
tion, isotope data shows a change from 6 D/H -103.%-o to 
-102%-o, and 6 18/16 = -14.0%-o to -1'1.9%-o from 8150 ft to 5290 
ft, which again suggests no evaporation since there is no 




.a. Spring. with electrical conducttvlty (umhoe/cm) 
Jo 
SITE ELEV(fc) Q(cfs) ~· T•c D/H 18/16 
1 8150 0.23 82.8 5 . 3 -103 . -14 . 0 
2 7870 0 . 24 81. 0 7. 1 
3 7450 0 . 20 79.3 7 . 9 -103 . -14 . 6 
4 7000 0 . 20 95.9 10.0 -103 . -14 .2 
5 6620 0 . 48 118.2 9.8 
6 6620 0 . 645116. 2 9.9 -100.5-14 . 5 
7 6190 0.48 119 . 6 11.1 -109 . -14 . 4 
8 6190 0.89 130.0 11.1 - -
9 5290 0.62 131.9 13.6 -102. -14 . 9 
A 6190 0.41152.510.9 -107. - 1 ' . 9 
*SpC normalized to 25.0°C 





the stream indicates that al 1 groundwa t er and surface water 
gains into the stream have essentially the same ~omposition, 
which suggests that groundwater input to the strea m at lower 
elevations must be recharged at higher elevations. 
The conductivity and isotope data from the August 
stream gaging suggest that the 0.4S cfs total loss in Ash 
Canyon Creek is not due to evaporation. Ho we v e r , th i s do e s 
not indicate whether the loss is due to infiltration or 
phreatophyte use. Ash Canyon Creek was gaged again in Janu-
ary, 1982, the results are presented in Figure 6.15. Cnly 
l o wer reaches were gaged where August gaging showed a loss. 
Between 6620 ft and 6190 ft, January gaging showed an 
increase in flow of 0.12 cfs, v ersus a loss of 0.17 cfs in 
August. From 6190 ft to 5290 ft, January gaging showed a 
loss of 0.13 cfs (including side channel input ) verses a 
loss of 0.27 cfs in August. This means essentially no ga i n 
or loss in January. The relatively high conductivity values 
from the January gaging (200- :1 00 umhos/ cm ) indicate a sub-
stantial amount of baseflow. The fact that most streamflow 
loss occurs in the summer, rather than i n the winter sug-
gests that most of the loss was phreatophyte use, with 
groundwater recharge below 6000 ft possibly· year-round, 
where both August and January gaging showed a loss. 
Conclusions based on stream losses can only be used to 
suggest trends, since stream gaging in the small creek is 







Q( cfs) ~· T" C 
0 . 69 159.l 3. 5 
0 . 97 168.0 3 . 0 
1 . 14 199.7 2 . 9 
2 . 28 202 . 0 3 . 5 
2. 2 5 32 5. 9 1 . 0 
*Spc normalized to 25 . o•c 





-notably i nacc urate. August stream gaging in the flume at 
5290 ft with the transducer flow meter was within 1% of the 
ca l culated flow through the flume. January gagi ng at the 
s am e fl um e w i t h a pygmy m e t e r wa s 11 % o f f t h e c a 1 c u l n t e d 
flow. The pygmy meter does not work well in turbulent 
water, which may be the reason for the inacc ur3 c y. 
Two stream samples taken in August, 1981, were analyzed 
for tritium. One sample from 6620 ft was 32.0 t 6.8 TU, and 
another sample at 5290 ft was 27. 4 t 8.7 TU. These levels 
ha v e about the same acti v ity as precipitation samples from 
the Carson Range, which vary from 21 TU to 34 TU. 
6.4 AQUIFER RECHARGE WATER CHEMISTRY 
Electrical conductivity analysis of snow and lysimeter 
water in the Carson Range ( Section 6 . 2 .1 ) indicated an 
annual potential recharge of 4000 acre-ft / year. This i s 
based on the assumptions of: no surfa c e runoff; evaporation 
values are correct; and that all water infiltrates in 
recharge areas and becomes part of the aquifer. The latter 
two assumptions are questionable since infiltration in 
recharge areas is not recharge to the aquifer, and an insuf-
ficient number of samples were taken. In addition, analyti-
cal uncertainty is close to measured values. 
The Maxey-Eakin method of estimat i ng recharge is ·J ery 
similar; percentage of precipitation from d i fferent 
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t!levation zones are used to calculate recharge. However, 
the Maxey-Eakin method was cnlibrated with calculation of 
discharge from basins, by assuming that annua recharge 
approximates discharge. '!his approach yields an annual 
recharge to Eagle Valley Basin of 8500 acre-ft. A com-
parison of the Maxey-Eakin recharge (Eakin and others, 1951) 
and results from conductivity recharge estimates from this 
study are shown below: 
Maxey-Ea Ion Method This Study 
Prec1p1tat1on Percent Elevation Percent 
zone (in) recharge zone ( ft) recharge 
>20 25 62 00-9 200 3- 50 
15 - 20 15 54 00-fi200 2 
12-15 7 4300-5400 -
8-12 3 - -
<8 0 - -
The Maxey-Eakin method estimates 15% of the total pre-
cipitation is recharged, versus 8."i% estimated by the con-
ductivity analysis in this study. Cne notes that the 
Maxey-Eakin method was calibrated in eastern Nevada, and as 
such does not adequately resolve percent recharge in high 
precipitation areas (over 20 inches), which comprise most of 
the Carson Range. The result is that the Maxey-Eakin methocl 
overestimates recharge in the Carson Range. Even tho ugh the 
conductivity analysis is inaccurate, it does show evapora-
tion is inversely proportional to elevation, as does the 
Maxey-Eakin method. 
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Electrical conductivity analysis of snow and lysimeter 
water indicates that the average recharge elevat iv n is 7950 
ft. The isotopic composition of the 1980-81 precipitation 
at that elevation is 618/115 = - l !S.2%'., and 6D/H = -111%;,. 
The isotopic enrichment from the snow to samples from Ash 
Canyon Creek sampled in mid-May, late May, and late August 
c,m be used to calculate evaporation with the Rayleigh eva-
poration formula: 
Snow T ream St ream St ream 
7950ft ·c (ld 5-13-81 5-28-81 8- 27-81 
%'o a.,. 1- e 1- 9 1- e 
6D/H=-111.tl.5 9 1. 10 .o 00 • 0 36 • 0 94 
618/16=-16. 2t. 4 9 1. 0105 .145 .084 .193 
Deuterium analyses show evaporation increasing from 
0.0% in mid-May, t:o 4.% in late-May, and to 9% by late 
August. Oxygen isotopes are more errati c , changing from 
15%, to 8%, to 19% evaporation. As discussecl in Section 
3.4.4, during non -equi librium evaporation ( fast evaporation) 
the 618 / 16 cha nge becomes larger than the 6 D/ H change . 
Therefore, the erratic percent eva por ation v alues for oxygen 
probably indicate non-equilibrium fract i onation, and use of 
the Rayleigh formula is invalid. 
To get some idea of what the potential recharge from 
stream channels is, an average annual isotopic composition 
for Ash Canyon Creek was calculated. In general, during the 
w i n t e r , the i so to p i c co m po s i t i o n o f s t r e am wa t e r s ho u 1 d be 
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more depleted than summer streamflow, since winter runoff at 
the cooler temperature will be subject to less Qv aporation. 
Summer runoff will get progressively heavier, as the amount 
of evapor.=.ition increases, shown by the isotope analyses 
above. The amount of evaporation depends upon availability 
of precipitation for evaporation and on the temperature. 
This correspondence between the isotopic cycle and the tem-
perature cycle has been documented over several years 
(Dansgaard, 1964). 
The top graph of Figure 6.16 shows the 1980-81 and 
average monthly temperature c ycle for Carson City. The 
other graphs are estimates of hydrogen and oxygen isotopic 
composition, based upon insufficient data. Snow from the 
average recharge elevation, 1 950 ft, probably represents the 
most depleted stream isotopic composition, assuming no eva-
po ration. The most enriched isotopic com po s i t i on was 
estimated from the temperature shift between stream sample 
U66 and the apex of the temperature graph, using Figur e 
3.2. The most depleted snow found in the basin (from 9214 
ft) is also plotted o n the g raphs. Th e average isotopic 
composition lines are based on the 1.s·c temperature differ-
ence between the 1980-81 year and the a v erage.· A tempera-
ture drop of 1. 5°C would make 6 D/ H values 13%-o more d epleted, 
and 6 18/16 values l.fi%o lighter. 
These estimates of monthly isotopi c c omposition were 
20--------------------_ ..... ..__...__...__..., __ 
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Figure 6.16 Ash Canyon Creek Estimated Isotopic Composition 
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then multiplied by the monthly flow of Ash Canyon Creek. 
Streamflow data is a four year average (data in App endix 4). 
The weighted average isotopic composition was then calcu-
lated as: 6 D/H = -109.%o and 618/16 = -15.9%-o for the 1980-81 
year, and 6D/H = -117.%-o and 6 18/lfi = -16.8%;. for the average 
year. This represents potential recharge via stream channel 
infiltration to the aquifer. H these values are correct, 
then enriched values in the valley would represent more sum-
mer recharge and less winter recharge. 
~.5 WATER CHEMISTRY OF THE EAGLE VALLEY AQUIFER 
~.5.1 Introduction 
Sampling of Eagle Valley wells and springs in this 
study along with data from published studies have resulted 
in about 80 chemical analyses (see Appendix: 1). Analyses 
used in this report are located by Township, Range, and Sec-
tion and (X,Y) coordinates. 
this study and 10 0 0 -10 4 9 are 
Samples 2-180 were sampled in 
data from other sources. The 
(X,Y) coordinates are based on (0,0) locatec'l at Tl4N, Rl9E, 
Sec lOaaaa; this system is u d to locate s ample points more 
accurately. Stable isotope data is found in Appendix 2, and 
tritium data in Appendix 3. A graphical display of sample 
points in the aquifer is given in Figure 6.17, which was 
produced by a computer program described in the following 
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Three computer programs were used to show data trends. 
One is a contour routine (Lukas, 1980) developed at the 
University of Hawaii and modified' to facilit le s at the 
University of Nevada, Reno. This program, Contour, plots 
graphs on a Zeta model 1553 graphics plotter. This program 
uses both LaPlacian and spline interpolation to produce con-
tour maps. · The program initially calculates contour values 
at node points, then fits ::::ontour lines between all node 
points. The program has a maximum amount of time it can use 
to calculate node points, within a certain number of itera-
tions. If node points cannot be calculated in the specified 
time, more widely spaced node points must then be selecterl. 
Therefore, some of the graphs have more angular contours due 
to more widely spaced node points. Since the program was 
originally developed for a coastal aquifer, the alluvial 
boundary is considered impermeable, not entirely valid for 
Eagle Valley, where fracture flow from the recharge area may 
exist. The proximity of the contour lines to the alluvial 
boundary is also a function of the node spacing. 
The second program used calculates and plots first, 
second and third order trend surface maps. 
originally developed by Davis (1973), and 
University of Nevada computer facilities 
Desert Research Institute graduate fellow. 
This program was 
was .modified to 
by Tom Panian, a 
The program does 
not have the capability to reproduce an alluvial boundary, 
as does contour, so trend map contours overlap the aquifer 
137 
boundary. A modified version of WATEQ was used in this 
study to calcul~te cation and anion balances, although it is 
capable of calculating considerably more informa ti on. This 
program has been recently updated by Dr. Burkharci Bohm, a 
Desert Research Institute graduate fellow. 
l'i.5.2 _Aquifer Physical Parameters 
To become familiar with the groundwater system in Eagle 
yalley, temperature and conductivity contour maps are 
presented. There are three geothermal areas in Eagle Val-
ley, graphically shown on the contour map of temperature 
(Figure 6.18): Carson Hot Springs in the north-central val-
ley (50°C); Pinyan Hills (44°C) on the eastern edge of the 
valley; and the Prison Hot Springs-Sewage Treatment Plant 
(STP) warm well (31° C) area in the central valley. 
contour lines are every 10°c, and light lines are 2°C. 
Heavy 
A contour map of electrical conductivity in Eagle Va l -
ley also delineates the geothermal areas (Figure 6.19). The 
s t e e p co n to u r g r ad i en t a t P i n yo n Hi l 1 s i s d u e to a 1 ow co n -
ductivity nearby. Aside from the thermal areas, there is a 
trend of increasing conductivity in the northeastern portion 
of the valley. The conductivity increases from - 95 umhos/cm 
at Ash Canyon Creek to 531 umhos/cm near t!-ie Carson River. 
This could indicate the flow direction, already known to be 
west to east from the hydraulic head gradient. A plot of 
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thermal wells (Figure 5 .20) shows the trend of increasing 
conductiv i ty towc1rrl 




s i mi 1 a r t o 
Al so t h!=! contours 
the contours of the 
plot with all wells, suggesting that there must be mixing of 
therma l and non-thermal fluids. If the·re is no mixing, the 
plot without thermal waters would be signifi c antly d i f-
ferent. 
6.5.3 Major Ion Chemistry 
In order to use data sampled over a number of years, 
one assumes that major changes in water chemistry did not 
occur. In this study, some data used were c ollected l o 
years ago {Worts and Malmberg, 196f;). To check the val i d i ty 
of the ass.um pt ion of no chemical changes, sev er a 1 we 11 s sam-
pled by Worts and Malmberg were resampled. Data c omparison 
is shown in Tab 1 e 6. 3 . 
The first group of wells , all non-t h ermal a nd sampled 
in 1965 and 1981, show a signifi c ant decrease in c hlori d e, 
sulfate, and magnesium levels; other parameters are within 
analytical error . Sample t3 s ho ws a tempe rature change from 
20°C to 10°C, which suggests that the wells sampled may not 
be the same well. However, in all other wells, chloride and 
sulfate levels declined, which may represent a definite 
change in non-thermal water quality. 
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SAMPLE LOCATION DATE TEMP. pH SpC HC0 3 Cl SOM Na K Ca Hg Si02 Well NUMBER (E , N) SAMPLED T C eem eem E'E' eem eem eem eem eem I 
1027 1 . 59 , 6.10 3-29-65W 16.l 7. 7 181. 92. 3.2 4 . 8 - 12 . - 15 . 9.1 -- 7015 
4 1.59,6.10 1- 31 - 81 13. 0 7 . 32 167. 103. l. 2 1.5 13 . 4 2 . 4 17. 3 . 9~ 39 . 7015 
1033 3 . 71,1 . 00 3-26-65W 13.3 7 .3 247 . 144 . 7 . 0 12 . - 23 . - 27 . 5 . 7 -- Nevada 
112 3 . 71 , 1 . 00 4-14-81 11. 0 7. 84 244. 128. 5 . 0 9.1 24 . 7 1 . 3 21 . 3.13 35 . Indian 
Agency 
1034 3 . 07,7 . 05 3-26-65W 20 . 0 8 . 1 22 9 . 128. 6 . 3 14 . - 24 . - 23. 4 . 7 -- 8036 
3 3.07,7 . 05 1-31-81 10 . 0 7 . 41 198 . 105 . 3 . 2 3.9 15 . 0 3 . 8 19. 4 . 24 38 . 8036 
1039 1.37 , 5.15 3-29 - 65W 9.4 7 . 4 119. 72 . 2 . 6 6.0 -10 . - 14. 2 . 7 -- 5111 
5 1 . 37 , 5.15 3-14-81 - - 7 . 00 138. 86 . 0.6 1.3 6. 70 1 . 8 16. 3.22 25. 5111 
i. Average Increase (+) or -29% -2_ g7. -1 . 67. -.47. -5 47. -61 7. - 1.97. -2 . 47. -237. 
Decrease ( - ) 
THERMAL WATERS 
SAMPLE LOCATION DATE TEMP . pH SpC HC0 3 Cl SOM Na K Ca Hg Si02 Well NUMBER {E, N) SAMPLED T C eem eem E'E' eem eem eem eem eem I 
1035 3 . 85 , 6 . 65 3-30-65W 48.9 9 . 3 506. 82 . 29 . 96 . -96 . - 2 . 6 0 . 4 -- Carson Hot 
1002 3 . 85,6 . 65 1979T 50. 8 . 84 515. 83.3 27 . 4 89.4 98 . 1.6 2.2 0.01 60. Seringa 
7. Average Increase (+) or +2 . 27. -5 .27. +1.77. +1 . 6% -5 . 87.-7 . 47. +2 . 57. -20 . 77. -
Decrease(-) 
1000 5 . 00, 4. 36 1979T 32. 7 . 83 501. 47.4 19. 7 137. . 90 . . 63 12 . . 01 36 . STP Well, 
8 5 . 00,4.36 1- 31-81 31. 0 9 . 20 473 . 40 . 0 17 . 8 145 . 80 . . 74 12 . . 03 31. 14436 
1006 4 . 77 , 4 . 20 1979T 8 . 8 48 . 21. 148 . 82. 2 . 14. . 33 -- Prison Hot 
178 4 . 77,4 . 20 10-15-81 35 . 8 . 49 650 . 39 . 3 21. 0 152 . 84. 2.3 17 . . 24 37 . Seringa 
% Average Increase (+) or -3 . 27. +5 . 67. -5 . 97. - 207. -5 . 37. +5.8% -47.+147.+107. -407. -167. 
De crease ( - ) 
W: Worts and 11almberf 1966 
T: Trexler , Koenig , iynn, and Bruce, 1980 




thermal wat e rs is Carson Hot Springs, sampled in 1965, and 
in 19 78. It shows no significant trend above a.'1alytical 
accuracy and resolution. The third set of samples are also 
thermal, representing sampling three years apart. Again, 
there is no significant trend above analytical accur~r.y. 
In general, i t appears that non-thermal waters might be 
changing, and thermal waters are not. However, since it is 
not conclusive that major chemistry changes exist, d ata from 
Worts and Malmberg (1966) were used in this study. 
A Piper diagram of 29 samples from this study plus 40 
other analyses is shown in Figure 6.21. 
there are two different thermal waters: 
It appears that 
one a low TDS Na-
SO 4 water of Carson Hot Springs and Prison Hot Springs, and 
a high TDS Ca-so4 of the Pinyan Hills area. This is the 
same conclusion reached by other in v estigators (Trexler and 
others, 1980). The anions of all waters show a very regular 
trend starting wi t h low TDS a l kaline (co; + HCO 3) water 
changing to mostly sulfate water o f higher TDS. Cations 
also show a regular trend starting wi t h 20 % Mg, 50% Ca, and 
30% Na+K, and then be c oming enriched in Na+!(. The initial 
composition is probably due to recharge area rock chemistry. 
Cation and anion trends are shown graphical1y in Figure 
6.22, a Piper diagram of wells from Ash Canyon Creek east to 
the Carson River. 
Plottecl u EPM Percent 
Total DIH- Salida 
g,~:. Q N--<2ll°C 




Figure 6.21 Piper Diagram of Waters in Ea g le Valley , Ne v ada 
l"tottN N 11'11 l' .. o-
Totall=~ 
0 -T-- H"C g,oc::~:. 




A B C D E F G H I 
Sample 165 172 52 48 175 178 8 176 177 
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Figure 6.22 Major Ion Changes Eastward across Eagle Valley 
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Using Figure 6.21, a density plot of well chemistry was 
constructed using ±10% hexagons for counting, shown in Fig-
ure 1'.23. This diagram does show trends and the most common 
water chemistry composition clearly, but unfortunately, it 
does not show changes in TDS or indicate which analyses are 
thermal waters. In both Figure 6.21 and 6.2~, sample U7 
was omitted since the well was considered contaminated from 
a septic tank, and the analysis showed anomalously high 
sodium. 
Piper diagrams 
group of wells, but 
ions over an area. 
show general chemistry changes for 
do not show the spa ti a 1 v a r i a t ion 
a 
of 
Piper diagrams can also be misleading, 
since ions are plotted as a percentage of the total. For 
example, when a trend of decreasing alkalinity percent is 
illustrated, there may still be an increase in HC03 concen-
tration, which is masked by a larger increase in another ion 
such as sulfate. One method of showing spatial variation of 
ions is the use of Stiff diagrams, which are symbolic 
representations of the chemistry of a well. Another method 
is to present a contour map of each ion, which was done in 
this study. 
6.5.3.1 Major Anions. The Piper diagram (Figure 6.21) 
indicates that alkalinity percent of the total decreased 
along the flow path. This does not necessarily mean the 
concentration of alkalinity decreases; in fact, alkalinity 
14 7 
Figure 6.23 Density Plot of Piper Diagram 
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increases along the flow path (see Figure n.24). The reason 
for the decrease in alkalinity percent of total t o the east 
is the greater increase of sulfate. As co 2 gas is dissolved 
into recharging water, it is slowly converted into bicar-
bonate via the chemical reaction: 
This is probably the reason for the alkalinity increase 
from 51 ppm at Ash Canyon Creek to 250 ppm at the Carson 
River. 
Geothermal areas show up as decreases in alkalinity 
concentrations. The only other slight trend observed is a 
in alkalinity concentrations toward the small increase 
southeast corner of the aquifer. This may represent ground-
water flow along the Clear Creek channel. 
Sulfate percents in non-thermal wells are shown by the 
Piper diagram as an increase at a greater rate than alkalin-
ity. In addition, there is a very large increase in sulfate 
concentrations in thermal areas. A contour map of sulfate 
concentrations in Eagle Valley (Figure fi.25) shows an 
increase in sulfate concentrations in non-thermal wells 
toward the east from 0.0 ppm to about 30.0 ppm at Empire, 
then a decrease back to 10.0 ppm. The increasing sulfate 
concentrations appear to represent the flow direction of 
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The southern half of the basin shows no discernible 
trend. However, areas with no record of thermal ~·ar. ers, the 
northwest quarter and southern half of the basin, do not 
show any trend. Sulfate concentrations only start to 
increase in the northeastern portion of the basin, near 
thermal ar gas. Therefore, the sulfate concentration 
increase in non-thermal waters is probably due to JT1ixing 
with thermal waters. The one well near Empire which showed 
a lower concentration of sulfate may represent groundwater 
infiltration from the Carson River or irrigation diluting 
the sulfate levels. 
The third major anion, chloride, shows no trends when 
plotted on the Piper diagram. Shown on a contour map (Fig-
ure 6. 26), chloride concentrations increase regularly from 
we s t to ea s t i n the no r th e r n ha 1 f o f th e b a s i n • Th e r e i s a 
slight decrease in chloride concentuition near the Carson 
River, possibly indicating recharge in that area. Geother-
mal areas have anomalously high chloride concentrations. 
The southern half and northwest quarter of the basin, where 
there are no known therma l wa ters, show no discernible 
chloride trend, similar to sulfate. Th is suggests that the 
-z easterly increase in concentrations of Cl- and so 4 is due to 
mixing of thermal and non-thermal fluids, and not the 

















Figure 6.26 Chloride (ppm), 58 Wells 
13 3 
6.5.3.2 Major Cations. Cations are not usually used to 
imply flow direction, as with anions, due t n cation 
exchange. The Piper diagram of analyses from Eagle Valley 
does show a general trend of increasing sodium and decreas-
ing calcium percent of total. A contour plot of calcium 
concentrations (Figure 6.27) shows that calcium levels in 
the northern half of the basin increase along the flow path 
(to the east), from 10 ppm at Ash Canyon Creek to 53 ppm at 
the Carson River. The south ern half of the basin, as wit!i 
alkalinity, shows a small increase toward the east, along 
Clear Creek drainage. This is based on three data points, 
and thus may not represent an actual trend. 
Magnesium is usually associated with calcium, since 
substitution in crystals is common due similar ion sizes. A 
contour plot of magnesium levels in Eagle Valley (not shown) 
does show the same general trends as the calcium contour 
map. 
Both calcium and magnesium concentrations in geothermal 
areas show the same trends: Carson Hot Springs and Prison 
Hot Springs areas have lower concentrations of Ca-t-z and 
.. Mg 
than surrounding cold wells, and the Pinyon Hil~s thermal 
. ~t area has much higher Ca and Mg levels than surrounding cold 
wells. A slightly thermal well, sample #49 (30°C), shows up 
as increased calcium and magnesium concentrations, so prob-
ably represents thermal Ca-so 4 fluid. Sulfate c oncentra-
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Sodium concentrations should increase across the valley 
due to mixing of therm al fluids, since Carson Hot: Springs 
and Prison Hot Springs are Na-so 4 fluids. A contour plot of 
sodium levels (Figure 6.28) shows that where no geothermal 
fluids are known, in the northwest quarter and south half of 
the basin, there is no real trend in sodium concentrations. 
In the northern half of the basin, once thermal areas are 
reached, non-thermal waters show an increase in sodium con-
centrations, ngain suggesting mixing of thermal and non-
t he rm a 1 fl u i d s • Sodium levels at Carson Hot Springs and 
Prison Hot Springs are very similar (about 90 ppm), and dif-
ferent from Pinyon Hills area (200 ppm). 1h e po ta s s i um con -
tour map did not show any useful trends, so it was not 
presented. 
The Na-K-Ca geothermometer (Fournier and Truesdell, 
1973) was applied to Carson Hot Springs, Prison Hot Springs, 
and the Pinyon Hills area, to calc ulat e maximum fluid tem-
perature and approximate depth of fluid mixing: 
Samp e T (o C) 6H (ft) Depth (ft) 
1002 Carson Hot Springs 85 10 31 8. 
1001 Pi nyon Hot Well 40 - -
178 Prison Hot Springs 55 10 735. 
8 STP We 11 35 4 13 4. 
The chalcedony and Na / K2 geothermometers (Trexler and 
others, 1980) at Carson Hot Springs indicated 79°C and 75°C 
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reservoir temperature by Na-K-Ca geothermometry is reason-
able. Hydraulic head differences used are by no me ns accu-
rate or current; they are used simply to demonstrate how 
the temperature difference in thermal/non-thermal fluids can 
produce an approximate depth to fluid mixing, based on the 
density difference between thermal and non-thermal fluids 
(see Section 3.1). carson Hot Springs and Prison Hot 
Springs head differences were 10 ft, hased on Worts and 
Malmberg (1966) groundwater map. A head difference of 4 ft 
was used for the STP well, based on the well log when 
d ri 11 ed. No hydraulic head information was available for 
Pinyon Hills. Depths of thermal and non-thermal fluid mix-
ing calculated to about 300 ft at Carson Hot Springs, ann 
700-800 ft at the Prison/STP thermal area, are reasonable 
values for the depth of the bedrock-alluvium contact. 
Another molecule analyzed in wells sampled is dissolved 
silica. A contour map of silica levels (not shown) shows 
Carson Hot Springs with very high silica levels. The Prison 
Hot Springs which was previously considered the same Na-so 4 
water, does not have elevated silica levels. Pi nyon Hi 11 s 
area does have elevated silica levels, so it appears that 
silica does not show tr~nds that other ions show: One we 11 
near Clear Creek shows very high (46 ppm) silica, which is 
unexplainable. 
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6.5.4 Stable Isotope Chemistry 
Throughout the recharge and flow path portio r.i; in this 
study, oxygen-18 has been shown to be more variable than 
deuterium. Oxygen isotope variability is also greater in 
the aquifer. There are several geothermal areas in Eagle 
Valley, and s·ince oxygen isotopic enrichment in geothermal 
water has been observed (Back and Hanshaw, 19:55), oxygen 
isotope values may not represent the composition of recharge 
water. Figure 15.29, oxygen versus hydrogen isotopes, shows 
that non-thermal waters have similar isotopic compositions, 
and are meteoric waters. Carson Hot Springs, the STP well, 
and the Pinyon Hills thermal area are also meteoric, 
although most thermal waters show enrichment of oxygen com-
pared to the local meteoric precipitation (snow). All ther-
mal waters are to be depleted compared to cold waters hydro-
gen isotopic content, which probably indicates recharge from 
higher elevations through deeper flow paths. 
Two contour maps of oxygen isotopes (Figure 6.30 and 
Fi g u r e f5 • 3 1 ) a r e p r e s e n t e d i n th i s r e po r t • Fi g u r e n . 3 O w a s 
made using unaltered analyses from the Tucson ann Scotland 
laboratories. In Figure 6.31, corrections were ma~e for the 
differences between the two laboratories. Referring to Fig-
ure 6.31, non-thermal waters show several trends. First 
oxygen isotope data indicate that the valley averages about 
-1 5 • 0 %-o • Comparing this to the potential recharge from Ash 
-
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Canyon Creek of. -15.9%-o for the 1980-81 year and -16.8%. for 
the average year, one concludes that most recharge must be 
during the late spring or summer in order for the valley to 
have such an enriched composition. Snow from the average 
recharge elevation of 8000 ft exhibits 618/16 = -17.8%-o for 
the average year. This indicates a total evaporation of 24% 
from the average recharge elevation to the water in the 
aquifer. 
The northeast quarter of the basin appears to be 
enriched compared to the basin average isotopic composition, 
and is similar to the isotopic c omposition of the Carson 
River , 618 / 16 -11. 9%:o. The south-central portion o f the 
aquifer appears to be much more depleted (-17.9%o), which 
suggests recharge with little evaporation, possibly deep 
percolation. 
data point. 
However, this observation is based upon o ne 
All three geothermal areas show up as nepleted water. 
The STP well was sampled twice, once in 1980 (Trexler and 
others, 1980) 6 18 / l(j = -15.4%-o and in 19 81 w i th 6 lA / 16 = 
-17.7%-"o This is an unusually large discrepancy in values. 
Correcting for the differences in the samples being _ analyzed 
at different laboratories narrows the gap somewhat. This 
STP well should have the same composition as the Prison Hot 
Springs ( 618 / 16 = -15.9%-o), since the water is presumably 
from the same fracture system. Since the compositions are 
' 
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so different, oxygen isotope data appears to imply that the 
STP well and Prison Hot Springs are different waters. 
conclusion is not supported by hydrogen isotopic da ~ . 
Th is 
Hydrogen isotope contour maps are also presented as 
uncorrected (Figure 1;.32) 
differences (~igure fi.33). 
and corrected for laboratory 
The corrected hydrogen isotope 
contour map and trend surface maps indicate an average val-
1 e y com po s i t i on o f 6 D / H = - 11 5 • %"o • Using the isotopic value 
of snow from the average recharge elevation, 60/H -124~ 
for the average year, a total evaporation of 11% can be cal-
culated from 8000 ft to water in the aquifer. 
Referring to Figure G.33, it appears that the basin has 
enriched ( less negative) areas toward the northwest, 
northeast, and extreme southwest. The enriched areas 
represent groundwater input from Cl ear Creek in the 
southwest, and Kings, Ash' and Vicee Canyons in t he 
northwest. These inputs are probably summer recharge, which 
is evaporated and enri c hed. The center valley being more 
depleted than the stream channel areas sugges t deep recharge 
to the groundwater system of l ess evaporated water. This 
shows that deep recharge is a mechanism of recharge to the 
aquifer. The northeast enriched area may represent ground-
water inflow from the Carson River during the summer. The 
only available sample of the Carson River was taken in the 
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this hypothesis. The Carson Ri v er should ha v e a more 
enriched composition in the summer. 
Hydrogen isotopic values of the Carson Hot Springs and 
the Pinyan Hills geothermal areas do show up as depleted . 
This may indicate that these waters are recharged with less 
evaporated waters, possibly by deep percolation in recharge 
areas. Since most thermal areas are fracture associated, 
this is a plausible explanation. Fracture flow from 
recharge areas is probably much slower, which would make the 
water older than surrounding co l d waters. 
Prison Hot Springs and the STP well, when corrected for 
laboratory differences, have approximately the same hydrogen 
isotopic composition, suggesting that they are from the same 
source. This thermal area also has the same c omposition as 
surrounding non-thermal waters, implying the same flow sys-
tem or a considerable amount of mixing of thermal and non-
thermal fluids. 
Lake Tahoe, 10 miles to the west of Eagle Valley is 
1800 ft higher in elevation, and extremely deep, up t o 1h00 
ft. It is possible that there is some r egional flow from 
Lake Tahoe to the Eagle Valley aquifer. The upp~r Truckee 
River inflow into Lake Tahoe has a hydrogen c omposition of 
6 D/ H = -133.to, and the Lake Tahoe surface water has a compo-
s i t i o n o f 6D / H = - 6 5 • %"a • It i s d i f f i c u 1 t to d e t er m i n e w h a t 
the isotopi c composition of watP.r flowing out of Lake Tah o e 
in fracture systems would be, since no samples have been 
16 7 
taken at depth. Lake Tahoe, because of its great dept h, 
does not mix completely, so the isotopic compo si tion at 
depth may be different from the surface. Since the Eagle 
Valley aquifer averages 6 D/H = -115.%--o this does not 
exclude the possibility that some water is from Lake Tahoe, 
but the data are inconclusive. Age dating of some wells in 
Clear Creek Canyon might provi d e an answer to this question; 
if some water in the Clear Creek Youth Center wells are old, 
then that water may be from Lake Tahoe. Use o f biological 
tracers o r other stable isotopes may provide the means to 
differentiate water recharged in Eagle Valley from the Tahoe 
basin. The permeability of the fractured granodiorite rocks 
in this area is small, although the hydrologic head differ-
ence between Lake Tahoe and Eagle Valley is 1600 feet, so 
recharge from Lake Tahoe cannot be ruled out. 
6.5.5 Groundwater Age Dating 
is • 5 . 5 • 1 Tr i t i um Ag e Da t i n g • 'Ih e t r i t i um a c t i ,, i t y o f 
water in various wells in Eagle Valley was measured t o try 
to quantify the age and direction of flow. Fi gure 6.34 i s a 
plot of all tritium analyses in Eagle Val l ey. A list of the 
tritium data is found in Appendix 3. All samples but one 
had less than 50 TU, so the unenriched tritium samples taken 
were not useful. Almost all enriched tritium analyses were 
concentrated in the northern half of the basin. In this 
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Creek in the northwest, to 31. TU, 46. TU, then decrease in 
the central valley to <10 TU in two wells, 6.8 TU in one 
we 11 , and < 5 TU in three we 11 s . Tr i ti um 1 eve 1 s then 
increase from the north-central valley toward the east 
(toward the Carson River ) , which is supposed to have the 
oldest water in the basin. Tritium levels there, near the 
Carson River, increase to 82. TU and 26. TU. 
The tritium data at the mountain front area in the 
northwest indi c ate very recent waters suggesting fast 
infiltration, probably via stream channel infiltration. The 
oldest water appears to be in the north-central part of the 
basin, greater than 30 years old, where three wells contain 
less than 5 TU. The groundwater becomes younger from the 
central basin toward the Carson River, implying recharge in 
this area from either irrigation or recharge from the Carson 
River. 
Only one thermal area was analyzed for enriched tri-
ti um, Prison Hot Springs. This 
o 1 d e r t ha n 3 0 ye a r s • A c o 1 d we 11 
was <5 TU, indicating water 
in the Pi n yon Hi 11 s the r-
mal area was analyzed at <10 TU, also implying water older 
than about 30 years, assuming no dilution. No age estimates 
were made in the southern half of the basin since no 
enriched tritium data was obtained there. 
In order to further investigate the origin of the 
younger water in the aquifer near the Carson River, the 
river was gaged on November "i, 1981. The results are: 
site 
Carson River at USGS Gage 
Carson River at New Brunswick Bridge 
Mexican Ditch inflow 
Mexican Ditch outflow 
STP inflow 
Flow (c ts") 
108.7 





Summing the inflow minus the outflow produces a net 
loss of 7.5 c fs, with 5.2 cfs lost v ia Mexican ditch. This 
difference suggests that the river is losing water in the 
gaged section, but the difference is within gaging error. 
However, sin::::e the Carson River did not show a measurable 
gain in flow, it is possible that during certain times of 
the year, the Carson River loses water to the aquifer. The 
river was gaged in November, because that seems to be a time 
of decreased aquifer hydraulic head; the Prison Hot Spring 
usually dries up during the winter and early spring months. 
6 • 5 . 5 • 2 Ca r bo n Is o to pe Ag e Da t i n g . A tot a 1 of seven 
water samples were dated using carbon isotopes; Carson Hot 
Springs, Prison Hot Springs, and five non-thermal wat e rs. 
Three of the non-thermal well s ar e along a n east-west path 
in the north half of the basin: sample lt52 is located 2 
miles from the Ash Canyon outlet, and is a 515-ft deep wel l 
screened from 270 ft to 458 ft; sample HS is 3 1/ 2 miles 
from Ash Canyon, from a 604 ft deep well, screened from 155 
to 585 ft, and sample ltl77, a well of unknown depth,5 miles 
from Ash Canyon and 1 / 2 mi le from the Carson Ri v er . Two 
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other non-thermal samples were taken in the south half of 
the basin: sample HO in the center of the basin l s a 12()-
ft deep domesti c well; and sample #112 in the south-center 
po r t i o n o f th e b a s i n i s fr om a 2 5 0 - f t d e e p we 1 1 f r om th e 
Stewart Indian School. 
presented in Table 6.4. 
Data and analysis of these wells are 
Corrections of the C-14 activity for dilution were done 
by three methods, all of which use the stable isotope, 
carbon-13. The first two methods assume recharge area 
oC13 / 12 = -25.0%-. and carbonate along the flow pc1th has an 
isotopic composition of oC13 / 12 = 0.0%-o. These methods are 
from Pearson and White (1967), described in Section 3.4. 
Both of these methods tended to over-correct for dilution; 
hence, age determinations from these methods represent 
minimum corrected ages. The third method assumes that sam-
ple H77 with modern C-14 activity and oC13 / 12 = -17.3%. 
represents recharge area 0 Cl3 / 12. Dissolving carbonate 
along the flow path is still assumed to be o Cl3 / 12 = 0.0%<. 
This type of correction method minimizes dil u tion and pro-
duces maximum corrected ages (res ults shown i n Figure G.35). 
More accurate carbon-14 age determinations could he made if 
recharge area o C13/12 and flow path oCl3 / 12 in Eagle Valley 
were known. An attempt was made in this study to collect 
recharge area soil CO 2 for measurement of oC13 / 12, this did 
not prove successful (see Section 15.2.3). 
- · 
NON-TH ERMAL WATERS 
ASSUMING HINlMIJH DlLUTION 
SAMPLE ACT[VITY ACTIVITY 6C l3/1 2 I P 
(dpm/g)(l) A"(pmc )(2) __ %_. _ _ill 
52-NWeAt 12.367+ . 12 91 .2% 
48-NCent 9 . 07 2:!:, 1 l 66.9% 
177-NEast 14.631+.14 107 .9% 
10-Cent 12 . 407:!:, 12 91 .5% 
ll 2-SCent ll.16o+ . 12 82.3% 
118-Prlson 11. 757+ .42 86. 7% 
llot Spr . -
1002-Carson 2 . 156+.09 15.9% 
Ho t Spr. -
- 16.0 , 640 
- 15.7 .628 
-17.3 .. 692 
-15.6 .624 
- 16.0 .640 
- l 2. 6 1· 504 
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The five non-thermal samples, #52, #48, '177, #10, and 
#112, had approximately the same amount of cont a1ni nation 
from flow path carbonate dissolving, since the o C13/12 range 
w a s sm a 11 , -1 5 • f5 to -1 7 • 3 %o • Us e o f the f i r s t two co r r e c -
tion methods produced corrected C-14 activities from 100 to 
over 200 percent modern carbon (pmc), which clearly indi-
cates that the methods are not accurately correcting the 
activity, since activities should not be substantially 
greater than modern C-14 activity (100%). Use of the third 
correction method of assuming minimum dilution produces the 
following results: sample lt52 is recent; sample lt'18 is 
recent to 2500 years old; sample UO is recent; and sample 
1112 is recent to 960 years old. This indicates that the 
youngest water in the basin is along the western mountain 
front and near the Carson River, with the oldest water in 
the north-central and south-central portions of the basin. 
These results agree with the age zones indicated by tritium 
data. 
The two thermal waters were sampled a t Prison Hot 
Springs (U78) and Carson Hot Springs (0002 ) . Major anion 
chemistry suggests that these two thermal waters are the 
same Na-so 4 fluid. In contrast stable isotope data suggests 
that these are two different waters because Carson Hot 
Springs is depleted compared to the valley average, and 
Prison Hot Springs is not. Correction of the carbon-14 
a c t i v i t y i n d i c a t e s th a t P ri so n Ho t Sp ri n g s co n ta i n s mod e r n 
1 75 
water. The cS ClJ / 12 value at Prison Hot Springs indicates a 
considerable amount of thermal/non-thermal water mi xi ng. In 
contrast, correction of the carbon-14 activity of Carson Hot 
Springs water shows that it is between 10,800 and 13,900 
years old. Clearly, Carson Hot Springs and Prison Hot 
Springs are very different waters; Prison Hot Springs is 
older than Jo · years (based on tritium data) and less than 
500 y1=ars (lower limit of C-14 age dating), whereas Carson 
Hot Springs is co nsiderably older, between ll,000 and 14,000 
years old. Depleted stable isotope c ontent of Carson Hot 
Springs water c ould be due to a colder climate at the 
of recharge 12,000 years ago. 
time • 
The third thermal area Pinyan Hills thermal area was, 
unfortunately, not sampled for C-14 age dating. The o nly 
groundwater age data in the area is a non-thermal well whi ch 
was analyzed for enriched tritium, producing <10 TU, which 
indicates water older than about JO years. Pinyan Hills is 
also depleted isotopically, possibly indicating recharge 
during a colder climate. 
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CHAPTER 7 
CONCLUSIONS AND RECOMMENDATIONS 
7.1 RECHARGE AREAS 
Snow samples taken along an east-to-west traverse down 
Ash Canyon showed a regular isotopic shift of: 
6 D/H%o= 6.0( 618/16~-14 with R2 = 0.8fi 
S i n c e the s 1 o pe i s 1 e s s th a n 8 , th i s i n d i c a t e s no n -
equilibrium processes. There is a fa i r corr e 1 at ion between 
the isotopic content of the snow and elevation: 6D/H = -9.9%o/ 
1000 ft 2 ( R = 0. 65) , 618/16 = -1.48%-. / 1000 ft (R 2 = 0.69). 
These relationships indicate that regular isotopic shifts 
exist on the eastern (leeward) side of the Sierras, con-
trary to two prev ious studies. The 9 5 % hyper bo 1 i c con f i -
d enc e 1 i m i t s we r e ± 3 5 O f t fo r 6 D / H a n rl ± 3 0 O f t fo r 6 18 / 1 6 • 
The isotopic shifts Q_Qtained are similar to those observed 
on t he we s t e r n s 1 o pe o f th e Si e r r a s . Fractionation in the 
atmosphere juring precipitation is probably th e cause of the 
regular isotopic shift on th e l ee ward side o f the Sierras, 
since clouds are not observed to change altitude during pre-
cipitation. 
Using electrical conductivity analyses of snow an d 
lysimeter water, a percent recharge was calculated at five 
different elevations. This was used to estimate a maximum 
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potential recharge of 4000 acre-ft/year for the Eagle Valley 
Carson Range, lower than the Maxey-Eakin methoc a nnual 
recharge estimate of 8500 acre-ft. Electrical conductivity 
analysis produces an estimate of 8.5% of total precipitation 
is potential recharge versus an estimated 15% by the Maxey-
Eakin method. Use of chloride enrichment from snow in the 
recharge area to mountain front water in the aquifer pro-
vides an estimate of 8.3% recharge of total precipitation. 
Since chloride levels in the groundwater are shown to 
increase dramatically across the valley, this method should 
be used with caution. 
estimates recharge in 
differentiate different 
The Maxey-Eakin method probably over-
the Carson Range since it does not 
percent evaporation zones in areas 
with over 20 in of annual precipitation, which includes most 
of the Carson Range. An average recharge elevation for the 
Carson Range was calculated at 8000 ft, indicating that high 
elevations are very important potential recharge areas. 
The monitoring of lysimeters from May, 1981, to May, 
1982, showed that recharge could occur all ye a r because the 
ground is not frozen under the snowpack, an d that recharge 
definitely occurs under the snowpack i n the spring and sum-
me r • Lo ca 1 re c ha r g e to a m ea do w a t 8 5 0 0 f e et i n As h Ca n yo n 
in the spring produces interflow and discharge until the 
Fall which indicates that soil interflow is a significant 
com ponent of streamflow. A similar local discharge system 
in Clear Creek Canyon at 5500 ft provides baseflow for Clear 
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Creek. Use of the Rayleigh evaporation formula for snow and 
lysimeter isotopic data from Ash Canyon at 8500 f e~t pro-
duced an estimated 13% and 23% evaporation for hydrogen and 
oxygen isotopes, respectively. Lower elevations have a 
smaller calculated evaporation, indicating inaccuracy in the 
data. A combined Rayleigh formula and mass balance formula 
developed in this study did not work for evaporation calcu-
lations. 
Lysimeters in Ash Canyon showed a small isotopic deple-
tion with lower elevation, opposite to the trend for snow. 
This may indicate that the lysimeter water was derived at 
higher elevations and traveled to lower elevations by sub-
surface flow. The lysimeter 
was very regular, R2 = 0. 99 
isotopic shift with elevation 
for 6 D/H, R2 = 0.78 for 6 18 / 16 
for 5 samples. Distillation of soil above 160 • C frac-
tionates oxygen isotopes, but not hydrogen isotopes; there-
fore, it is recommended that soils be distilled at less than 
160°c. 
Isotopic analyses of tree xylem water shows a v ery 
close correlation to lysimeter water, which indicates that 
trees do not fractionate soil water. When tree xylem water 
was distilled above 160°C, an organic compound was distilled 
with water, resulting in considerable enrichment of 6 18 / 16. 
This may be due to the organic compound being partially com-
posed of atmospheric co 2 which has a 618 / 16 of +41%-•• This 
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organic distillate did not affect the hydrogen isotopic com-
position. Use of tree xylem water could prove t c- be of 
great importance in isotopic studies. Tritium dating of 
tree xylem water is inconclusive; it could represent moclern 
water or a fifty-year average. 
7.2 STREAM CHEMISTRY 
Stream gaging of Ash Canyon Creek in August, 1981, and 
January, 1982, showed that most stream losses in the lower 
reach were due to phreatophytes with some infiltration in 
August, and very little infiltration in January. A small 
conductivity increase along the stream, in addition to a 
lack of isotopic enrichment, indicates little evaporation, 
and groundwater input to the stream is probably the cause of 
the conductivity increase. January stream conductivities 
were fairly large, indicating a substantial ~mount of 
groundwater input. The isotopic composition ,:,f Ash Canyon 
Creek did not change in six locations which suggests that 
all groundwater and surface inputs have the same average 
composition, i.e., average recharge composition. 
Isotopic enrichment from snow at 8000 ft to stream sam-
ples taken in mid-May, late May, and late August indicate 
0%, 4%, and 9% evaporation from deuterium analyses and 14%, 
8%, and 19% evaporation from oxygen isotope analyses. 
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7.3 AQUIFER CHEMISTRY 
A Piper diagram of well analyses from the Eagle Valley 
aquifer show anions ranging from alkaline waters in the 
mountain front wells to sulfate waters in thermal araas. 
Cations show a change from 20% Mg~ 50% ca•! and 30% Na+K+ in 
mountain front wells to higher sodium in thermal areas. Two 
separate thermal fluids are defined by the major ion chemis-
try: a Na-so 4 , low TDS water of Carson Hot Springs, Prison 
Hot Springs, and STP well, and a high TDS-c~so4 water of the 
Pinyon Hills area. 
Contour maps of sulfate, chloride, and sodium ion-
concentrations of 60 wells show that there is no trend in 
the northeast quarter and southern half of the basin, where 
there are no thermal waters. Sulfate, chloride, and sodium 
increases appear only near thermal areas i ndic a ting that 
SO~, Cl-, and Na-+ in c reases are due to mixing of thermal and 
non - thermal fluids. Electri c al conductivity trend surfa c e 
maps also indicate mixing of thermal and non-thermal flulds 
since the map without thermal wells has essent i ally the same 
trend as the map with thermal wells. Deu t erium con c entra-
tions of Prison Hot Springs are the same as nearby non-
thermal wells, i ndicating thermal/non-thermal fluid mixing. 
6Cl3/12 value of Prison Hot Springs also indicates mi xing. 
Therefore, the major ion increase of non-thermal waters in 
the northeast half of the basin co uld he from mixing of 
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thermal/non-thermal fluids. 
Although almost all ions increase in concentra ti on to 
the east (flow direction) in the northern half of the basin, 
sulfate, chloride, and sodium concentrations decrease near 
the Carson River in the northeast corner of the basin, pos-
sibly indicating some inflow int o the aquifer from the Car-
son River. Alkalinity, 
tions increase regularly 





no r theas t, suggesting 
concentrations in the 
valley did not show any regular trends, nor was it useful in 
delineating thermal waters. 
Four non-thermal wells sampled in 19~5 and 1981 showed 
a significant decrease in sulfate, chloride, and magnesium 
concentrations, although thermal springs over the same time 
period showed no major ion changes. 
Based on calculated isotopic composition of potential 
recharge to the basin, areas along the western margin of the 
basin show recharge from the Carson Range predominantly in 
warmer months, since water in t hese areas are enriched. 
This suggests stream channel infiltration, which is substan-
tiated by tritium dating. The basin center, however, is 
more depleted 
percolation. 
fl ow from the 
isotopically, suggesting recharge via deep 
Infiltration in rechar<Je areas and fracture 
mountains to the aquifer would contain less 
evaporated (more depleted) water. Therefore, evidence 
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suggests that the Eagle Valley aquifer derives recharge from 
both stream channel infiltration and deep per~olatio ~ . 
Tritium age dating of non-thermal waters in Eagle Val-
ley indicate fast recharge to the aquifer from the Carson 
Range, probably from 
ca r bo n -1 4 and . t r i t i um 
stream channel infiltration. Bo th 
age dating indicate that the oldest 
water is in the north central and south-central parts of the 
basin. Age data in the north central basin includes several 
wells containing pre-bomb tritium, and one well c ontaining 
water between O and 2500 years old (by carbon-14 age dat-
i ng) • One well in the south-central basin contains recent 
to 1000 year old water. Post-1950 tritium in two wells and 
one modern carbon-14 age all near the Carson River in the 
north-east portion of the basin suggest that water is flow-
ing into the aquifer, either from the Carson River or from 
irrigation. 
Stable isotope data show th:it Carson Hot Springs and 
the Pi n yo n H i 11 s a r e a a r e d e p 1 e t e d i so to p i c a 1 1 y :: om pa r e d to 
surrounding cold water possibly indicating recharge d uring a 
colder climate. The STP well / Prison Hot Springs area has 
the same composition as surrounding cold waters. Although 
Carson Hot Springs and Prison Hot Springs waters are similar 
chemically, they are isotopically different, which suggests 
different flow regimes. Prison Hot Springs contains <5 TU, 
so it is greater than 30 years old, and is of recent age 
using carbon-.1 4 
between 11,000 
dating techniques. Carson 
and 14,000 years old. The 
18 3 
Hot Springs i s 
third t l-iermal 
a r e a , Pi n yo n 
Pinyon Hills 
Hills, was not sampled. Non-thermal water in 
area is probably greater than 30 years old, 
since tritium was counted at <10 TU. 
Certain areas in Eagle Valley have a lack of data. 
More stable isotope samples are needed in the southern half 
of the valley to confirm possible different recharge mechan-
isms. Snow, tree, and lysimeter water samples should be 
taken on a ridge to see if snow isotopic trends are c on-
firmed in soil water trends. A vertical core of a tree 
should be taken for tritium age dating analysis to confirm 
if trees contain a several year average of soil water. 
Since oxygen isotopes have been shown to behave more 
erratically, it is recommended that only deuterium be used 
in future studies. Only isotopi c slope data (t.c5 D/ Hfo c518 / 16 ) 
information is not l ost by analyzing solely for deuterium. 
This would also save half the cost of analysis. Tree xylem 
water should be studied further in other areas to confirm i f 
it can be used to replace lysimeter water sampling. 
with a half-life of 330 years and 37 Ar with 3 
half-life of 270 years (Davis and Bentley, 1981) could be 
used on the thermal areas to estimate groundwater age, since 
it seems that these areas contain water older than can be 
determined by tritium, and younger than can be determined by 
carbon-14 age dating. 
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L030 1:sN,201:,21CA 4 . :r:,,3.:r:, 10 •• 1 , 6 223, 146, 4,7 6,0 20, , 01 :ZS, 6,2 "" 7638 lent 1Sll,20E,28CD 4,35,2'.t-s , • ., 7·,2 IN , U6, ,.o 17> n . -~l 1', , . o ~R s. GRIF'FlTr 1032 15N,20t,2•tc 3.1s,2 •• s 1,0 178, eo. 6. 4 6,4 12, ,01 "· 4,0 "'8 1033 l:SN,20£,3211D l,71,1,00 IJ,3 7,3 247, 144', 1,0 12. 23, ,01 27, s.1 "" 1034 16H, 20[, l2CC l,07,7,05 20, l.t n.. 128, 6.J 14. 24. ,01 23. 4,7 1111 8034 . 
10:JS 1:5N,20l,SAD 3,85, ••• , ... , ,.J so •. 82, 29 , '6, ... ,01 2 •• 0.4 "" <:.. HOT SPR, 1034 lSN,20£, 19 2,"•J.JS 9. "· .. 173, 6J. ,01 JI. I, w LOJ7 1SN,20£,20CC J.1,,3.15 1, 2"· 23, .s. 102, ,01 34. 13, w 
1039 1SN,1K,12CD 1.~,,.1, f,4 1,4 11•. n. 2 •• 6.0 10. • 01 14 • :.1 w" '111 
1041 lSH, 201, 5CD 3.1s, •• 1, 12.2 7,1 1115, la, J. 1 •·8 17, ,01 21, 3,8 1111 64'2 
1044 15N,20l:,6U 2.•s, •. es 7,1 7,4 232, 120 . 6.2 1,. 17, ,01 22, , .. "" 4045 1045 14N,20f,4 4,:S0,0,50 .. 1H, J, "· ,:z. ,01 2 •• ,. w 1047 14fh20l,8 l,50,-,30 9. 17, 4. ~- =· ,01 17 •• ,. w lCMe 1,,.,19€,:r.J -·"•1,11 .. 112 . I, 14, 20. ,01 24. 2, w 
lOff 1 ,ti, 20C, 7CA 2.3:,,:,~ .. , 1,S IU, 103. 2,2 ,.2 12. , 01 21. J.I - 4328 •• r:r.ftcx.t...DE,K0£NIO,Fl..YHH,IRUCE:, 1980 
t<0,0> LOCAT'DI AT T14N, lttP(, Sl:CTIOH 10AM.A WfUWORTS MD l'IN..NKRO, 1,u 
W l liWIITER """4. Y9IS nATA 9Y9~ CW.D8-DRI> 
OU. OTIIEI DATA ""°" THIS STUDY 
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APPENDIX 2 EAGLE VALLEY - STABLE ISOTOPE ANALYSES 
NUf18ER TYPE DATE OXYGEH-18 DEUTERI U11 ELEVATtON LOCATION / OTHER 
~3 SNOW 4 - 14-81 - 1a. a:? -1 3 1, .J 9:!14 ASH CN 
:o SNOW l-1 4-8 1 - 1 :', 94 - 1:'!i, 9 9 :?14 ASH CN 
~'!i SNQl,j 4-14-131 - 16, 65 -uo. : 9000 ASH CN 
~6 SNOW 4-14-81 -16, 59 -110 .e 87'!i0 ASH CN 
57 SNO'-' 4-H-91 -16 , 64 -116, 1 875 0 •SH CN 
71 SNOW 4-14-81 - 17, 46 -115-5 8750 ASH CN 
58 SNOl.l '11-14-81 -16, 78 -11'!5, 8 B'!iOO ASH CN 
59 SNOW 4-14-81 -16, 16 -11:? .4 8:?50 ASH CN 
ol SNOW 4-14-81 -14. 9: - 109 . 7 8000 ASH CN 
63 SNOW 4 - 14-81 - 15 . a: - 104,: 77'!iO ASH CN 
6• SNO~ 4-14-81 - 16- 3 7 - 11 : . 7 7 500 ASH CN 
65 SH OW 4-14-91 -1 '!5 . 3:? - 107 . J 7 :!'!50 ASH CN 
67 SNOW 4-14-81 -1 •, 37 -10 3- 1 7000 ASH CN 
;9 SNOW 4-14-81 -14. 81 - 9 9 .6 675 0 ASH CN 
S9 3N OW 4 - 1-1-81 -14. 18 - 10:. 7 6750 ASH CN 
'J SN OW 4- H -8 1 - t 4. a: - 10: . 7 6750 ASH CN 
70 SNOW 4 - 14-81 -1 ~L :? 7 - 105. l 6:?50 ASH CN 
~NOW -1-14-81 -1~ . . '7 - 106 ,:? ~ :?50 ASH CN 
'.)NQ U :- 1 J-8 l -1J . 4 - lO : , 3'!i00 >SH CN 
?5 SNOW 5-28-81 -13. l - 98. 5 8500 ASH CN 
0\ SO!LH : O ~-:'8-81 - I 4. - l07. a:oo >SH CN , LYSIMETER 
i 03 SOI LH:O 6 - l 1-81 - 11 .a -10•'- 8000 ASH CN, DIST I LLE D SOIL 
110 SOILH:O 7-09-B 1 - 14. 0 - 104. 8500 ASH CN , LY SINE TER 
1:0 SOILH::?0 7- 0 9- 8 1 - l 4. 0 - 107. 9000 •SH CN, LYS INETER 
1:1 SOILH:!0 7 - 0 9-91 - I 3. 9 -100. 7~00 •SH CN , LY SIME TER 
. -- SO!LH:::!0 7-09 -81 - 10 . 0 -111, 7000 ASH CN , DISTILLED SOIL 
, 13 SOILH:O 7-09-81 - l~. : - 114, 6:oo •SH CN, L YSI 11ETER 
109 SO ILH:?0 6-::?:-01 -10 . 1 -106. 6 400 CLEAR CN, DISTILLED SO IL 
l l:, SOILH10 7-1)9-81 - 10 . 9 -(09 , 6•0 0 CLEAR CN , DIS TILLE D SOIL 
1: 7 TREE 7 - 0 9- 81 - 11 . 7 - 107, 850 0 ASH CN, LODGEPOLE, DIST. YEL LOW 
1:9 TREE 7- 0 9-81 - l J .o -108. 8000 ASH CN, JEFFERY, DIST . SLT YELLOI.I 
::? TR EE 7-09-91 - l J, 6 -1 0 ~. 7~00 ASH CN , JEFFE RY , DIST. SLT l'ELL OIJ 
l 30 TREE 7 - 0 9-81 -14. 4 - 108 , 7~00 ASH CN, JEFFERY , 01ST. CLEAR 
1 J 1 TS EE 7 -09-81 - 1:, 4 -104. 7000 ASH CN , JEFFER Y. DIST . SLT YEL LOI.I 
l J: TRFE 7 -09-8 l -11, 3 - 103, 5 o:!50 ASH CN, JEFFERY , DI ST, YELL OI.I 
133 TREE 7-0 9-81 -1 0 . 7 -100. 6:50 ASH CN , JEFFERY, DIST . YELL OI.I 
1 •J TREE 7-::?t-81 -13 , 3 -1 0•. 8500 ASH CN, LODGEPOLE , DIST . CLE AR 
144 TREE 7-2 1-81 -13, 7 - 110, 8000 •SH CN, JEF'FERY , DIST. CLEAR 
145 TREE 7-11-91 - 13, 8 -108, 7~00 •SH CN, JEF'FERY, DIST . Ct.EAR 
146 TREE 7-21-81 -11 .0 -115 . 7000 ASH CN, JEFFE~Y, DIST. CLEAR 
147 TREE 7-21-81 - 15. 1 -11 •. 62SO •8H CN, JEFFERY, D[ST. CLEAR 
1:,: TREE 7-09-81 -1• . 9 -11 J , 6•00 CLEAR CN, YELLOW, DtST. CLEAR 
1B1C TREE 1-25-B:? - 1:?, 6 - ... 6•0o CLEAR CN, JEFF'ERY, DIST . CLEAR 
181 Y TREE l -::?~-82 - 9 . 3 - 97 . 6•00 CLEAR CN, JEFFERY, DIST. YELL OW 
77 STREAM ~-13-91 - 14 . 6 -111. 1000 ASH CAHYON CREEK 
85 S TREAI'\ 5 -18-81 -15, 3 - 108, 6200 •SH CANY ON CREEK 
1 ~6 STF\EAl'I 8-::?7-91 -14 .o - 103, 8150 ASH CANYON CREEi\ 
l ~B STREAN e-:?1-01 - 14 , 6 - 103, 74 5 0 ASH CANYON CREEK 
159 STREAP1 8-17-B 1 -1•.:? -103. 7000 ASH CANYON CREEK 
16~ STREAM 8-17-81 -14, 5 -100,5 6 6:?0 ASH CREEK, BELOW CONFL . 
163 STREAN 8-17-BL - 1 •. 8 -107. 61 90 M.ASH CREEK, ABOVE CONFL . 
16• STREAN 9-~7-8 1 -1 4 . 4 -109. 6 190 ASH CREEK, ABOVE CONFL. 
166 STREAN 8-:!7-81 -14 . 9 -1 02. ~:90 ASH CANYON CREEK 
3 WELL 1-31-81 -15, ,24 - 108 , 9 
WELL 1-3 1-81 -15 , 65 -101 , 4 
5 WELL 1- 31-81 -15 . 75 - 107. 8 
WELL 1 -31-81 -17, 71 -11 8 .9 
10 ~ELL 1-31-81 - l 7, 93 -1:?S , 6 
11 WELL 3-14-81 -15, 11 - 9'!5.6 
13 WELL 1-31-81 -13, BB -112,6 
•8 WELL 4-14-81 -15 . l - 111 . 
'5::? WELL •-14-B1 -14. 9 -110. 
171 ~ELL 9-:22-91 -1 .. ,6,-15,5 -113 , , -1:?o. 
173 WELL 9-22-91 -13, :?,-14 . 1 -111 . ,-119, 
17 • WELL 9 - 2::-a1 -13,3,-14,:? -102. ,-109 . 
175 WELL 9- 22-91 -1•-•,-15.J -104, ,-111, 
176 WELL 10-15-81 -13.4,-l ... 3 -ltt.,-118 . 
177 WELL 10-15-81 -12 .9 ,-13.8 -101. ,-11, . 
178 "'ELL 10-1!5-fill -15 , 0,-15.9 -111 . ,-118, 
179 WELL 10-15-81 -14 ... ,-1,,3 -114, ,-121. . 
180 WELL 10-15-81 -13 . 8,-14 ; 7 -104,5,-111,5 • 
1000 WELL -15.•,-16,l -123. ,-130 . TAEXL£1it, c~ 9, • 1001 WELL -16,2,-17 , 1 -130, ,-137 , TAOL£R, cw 10, • 
1002 WELL -14,9,-15,8 - 127,5,-134 , !5 TREXLER, cw 11, • 
1003 RIVER -14,0,-14,9 -121. ,-128 , T1'EXLER, cw 12, • DA-1 STREAM -16.8~ -l 17. 9 SCOTLAND LAI 
OR-I STREAN -15, 7 -113 . UNIVERSITY OF ARIZON,. LAB 
OR-lA SNOW -22.03 -154.0 SCOTLAND LAI 
DR-lA SNOW -:?0 , 5 -1•s. UNIVERSITY OF ARIZONA LAB 
OR-11 SNOW -20 , .. 6 -155 , 7 SCO TL AND LAI 
OR-IB SNOW -20.5 -145. UNI VERSITY OF AA I ZONA LAI 
SANPLES ANALYZED IN SCOTLAND LAIi 53-75 I l-52, OR- 1,tA,tB. 
SANPLES ANALYZED IN TUCSON LAIi 95-166, 17:?-1003, OR-1, lA, 18 , 
• SECOND NU'11ER ON SAP1PLES ANAL YZED IN TUCSON LAB ARE CORRECTED 
FOR DIFFERENCE BETWEEN L A89 { SEE TEXT I, 
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APPENDIX 3 TRITIUM ANALYSES 
IIU!"' t:[F: 1 r r-~ (IA rE rn!T!UH ( TU > !N i ER VAL _,,; kt.EN[(I <rr , , orn E'- r : •, n~ ~Arr J 11 
-'· WE L~ 1-3l-8~ 5 C 42-45• 70 -t~'l 
WELL l - 31 - 8 l 50 310-35 '.) 
WELL 1-31 - 81 3 1,11 4 1:;9-180 .J 
8 WELL 1 -31 - 8 1 50 105 - 115,170-175,~10-215 
10 WELL 1-31-81 50 86 -1 16 
l 1 WELL 1-31 - 81 . 5 0 180-200 
112 WE LL 4-14-81 ·~50 150-185 ,200 - 241 
1: WELL 3 - 14-81 50 5-31 
13 WELL 1-31-8 1 < 50 55- 76 ,1 06 -124,16 7-224 
15 WEL~ 3 -14-81 50 
' ' WELL 3-14 - 8 1 · 50 :7::?-29'2 
l" WELL 3 -1 3-8 1 . 10 10::?-1~5 
8 WEL L ·1- 14-81 · 10 336- -589 ( HU L ff PLE SCR EE NE(1 [ NTER1JAL S ) 
51 WELL 4-14-81 ' 27 ·± 13 , 295- -4 94 
" - WE LL 4-1 4-81 10 270- -458 -4 WELL 9-2 2 - 31 :6,2±7 , 3 170- 190 
1- s WELL 9-::-0 1 6 .Ct- 7 . 7 100-12 0 
179 WELL 9 - 22 - 81 <5 ,- WELL 7-09-81 .J , 80 - 100 
L8 0 WELL 10-15-81 ·16 , 0 ±9 , 1 30-40,70 - 80 
l ~-, WELL 10-15-81 32 . ,t5 . 
I - 3 WELL 10- 15 -8 1 .J • F'R ISON HOT SPRINGS 
:, ,.) - : : SNOW 3-14-81 ..!4 .f5 . SNO W VALLEY F' EAK , 9214' 
' 1 ,1: SNOW 3 - 28-81 37 .± 5 . MCC LELLAND PEAK, 7330 ' 
-:; 0 - 6 0 SNOW 4-14-81 2 1.±4, ASH CANYON, 8250 ' 
) 5-b6 SNOW 4-14-81 21, ±4, ASH CANYO N, 72 5 0' 
..-, l STREAM 8-27 -8 1 3:, ±6,8 ASH CA NYON CREEK, 6 620' 
le, " STREAM 0-:7-01 ~7 .4± 8 , 7 AS H CANYON CR EE K, 5~ 90' 
~S t TREE 1-25-82 33 . 0.± 10,4 WATER DISTILLED FROM J EFFE RY ,· I NE , 
CLEAR CREEK CA NYO N, 6 400' 
APPENDIX 4 ASH CANYON CREEK - STABLE ISOTOPE ANALYSIS 
FLOW (CFS) 
YEAR SEPT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUr. 
1976-77 1. 84 1. 7 5 1. 73 1. 77 1. 72 1. 91 2 .51 2.25 1. 60 1. 10 0. 87 1. 06 
1977-78 1. 34 1. 52 1. 85 2 . 07 1. 89 2 . 67 3.10 3 . 94 3.51 2 . 40 2.02 1. 83 
1978-79 1. 79 1. 98 2 . 04 2 . 60 2 . 22 2 . 91 3 . 09 4 . 37 2.83 2 . 30 2 . 07 1 .62 
).979-80 L2l 1. 83 1. 95 3 . 86 2. 77 2.39 4.01 6 . 11 5 . 94 3.83 2 . 61 2.40 
AVERAGE 1. 68 1. 77 1. 89 2 . 58 2.15 2 . 47 3 . 18 4 . 17 3 . 47 2 .38 1. 89 1. 73 
r - 29 . 36 
ESTIMATED ISOTOPIC COMPOSITION ('!. 
YEAR SEPT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG 
80-816D/ H- 103. -107 . -111. -114 . -116 . -115 . -114 . -113 . -111. -100 . - 96 . - 98 . 
80 -81 618 I ,r-15. 4 -16 . 2 -16 . 8 -17 . l - 17 . 3 -17 . l -16 . 6 -16 .2 -15 . 4 -13.9 -13 . 3 - 14.0 
AVE6D/H -106 . -112 . - 117. -124 . -128. -129 . -127 . -125 . -118. -105 . - 97. - 98. 
AVE6 18/ 16 -15.4 -16 . 5 - 17 . 5 -18 . 3 -111 8 -18 . 5 -lA .O -1 7. 5 -16 .6 -14 .9 - 13. 6 - 14.0 
APPENDIX 5 PRECIPITATION DATA FROM THE CARSON RANGE 
m EAGLE VALLEY 
Carson City Airport 
Clear Creek 
Spooner Summit 
ON THE LEEWARD SIDE OF MOUNT 




Mt . Rose Resort 
Tahoe Meadows 













Precip ( in) 
11. 0 
17 . 9 
25 . 0 
10.9 
19 . l 
26.1 
35.6 
43 . 9 
49 . 6 
60 .0 










1969 - 1979 
1969-1979 
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APPENDIX 6 DERIVATION OF THE INFILTRATION EQUATION 











Rayleigh Distillation Formula 
for evaporation 
R0 =R =original isotopic ratio of 
s precipitation or snow 
R =Ri=isotopic ratio of phase 
remaining (infiltrated water) 
9 fraction of water remaining 
from precipitation to infiltrat i on 
a= fractionation factor 
substituting 6%.=(R-1 ) 1000, or 6%. +1000 1000 = R 
6 . %. +1000 
l 
6 %. +1000 s 
- 1 
e0 This equation is - only valid for 
evaporation from a single phase 
of wa ter, either evaporation from 
ice or evaporation from water. 
combining this with the mass balance equation: 
in out 
Ri 1 




1 - R s 
1 - e 
1 _ S( 6i i •• H000) 
R= isotopic ratio 
Q= volume: 
s=snow or precipitation 
i=infiltrated water 
v=vapor 
(assumes no surface runoff ) 
Q. 
9= = frac tion of water remaining 
Qs Q 
1 - 9= v fraction of water escaping 






ratio of vapor pr essures of 
light to heavy isotopes 
by substituting in R 









l-e < oso/.,.1-1000) 61%#-1000 J 
- 1 
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PLATE 1 SAMPLE LOCA TIOI 
SCALE 1 :62500 
0 2 3 
miles 
CONTOUR INTERVAL 80 FEET 
..,,' Basin Bour 
.__/ Rock -Alu 
Type of 
X SNO\ 




6 -~ 25 
.w,• 





C.~RSO;>; C I 
1, v ~ ,) 
4 









VAL 80 FEET 
...,,,,,- Basin Boundrary 
___,/' Rock -Aluvium Contact 
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